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CURABLE COMPOSITION 





(57) The object of the present invention is to signif- 
icantly improve weather resistance over a long period 
of time of the cured product of the invention, while main- 
taining physical properties, such as tensile properties 
and rubber- tike elasticity, at levels required of sealing 
compositions for use in general buildings. 

The curable composition of the invention is a cura- 
ble composition which comprises a vinyl polymer having 
a reactive silicon containing group (a), such as a (meth) 



acrylic polymer having a reactive silicon containing 
group, a polyoxyaikylene polymer having a reactive sil- 
icon containing group (b), such as a polyoxypropylene 
having a reactive silicon containing group, and a plasti- 
cizer having an acrylic component (c) , such as an acryl- 
ic polymer, and is reacted and crosslinked in the pres- 
ence of moisture to provide a rubbery cured product. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a novel curable composition comprising a polyoxyalkylene organic polymer 
having a reactive silicon containing group. 

BACKGROUND ART 

w [0002] Room temperature-curable compositions based on polyoxyalkylene organic polymers having a reactive silicon 
containing group are not only inexpensive but also have various meritorious properties making them suitable for use 
as, inter alia, architectural sealants (called modified silicone sealants). While these are required to be satisfactory 
enough in various properties, weather resistance over a long period of time is no less important than mechanical 
properties, such as modulus, elongation at break, strength at break, etc., and many studies were undertaken in these 

15 respects. It has been found that, as far as mechanical properties such as modulus, elongation at break, and strength 
at break are concerned, addition of a phthalic ester or a polyether plasticizer results in the expression of characteristics 
suitable for sealing materials. With regard to weather resistance, it is disclosed in, inter alia, Japanese Kokai Publication 
Sho-59-1 22541 and Sho-60-031 556 that weather resistance can be improved by blending a vinyl polymer having a 
reactive silicon containing group with a polyoxyalkylene organic polymer having a reactive silicon containing group as 

20 compared with the exclusive use of such a polyoxyalkylene organic polymer having a reactive silicon containing group 
alone. 

[0003] For the purpose of obtaining a curable composition providing satisfactory mechanical properties and weather 
resistance over a long period of time, the inventors of the present invention prepared a curable composition by adding 
a phthalic ester or polyether plasticizer to a blend of a vinyl polymer having a reactive silicon containing group and a 
25 polyoxyalkylene organic polymer having a reactive silicon containing group on the basis of the above known technol- 
ogies, investigated the composition, and found that whereas mechanical properties were improved in fact, there was 
still room for improvement in weather resistance. 

SUMMARY OF THE INVENTION 

30 

[0004] The obj ect of the present invention is to provide a curable composition having the tensile properties and 
rubber- like elasticity required of sealing compositions for general architectural use and markedly improved weather 
resistance over a long period of time as well. 

[0005] The inventors explored in earnest for means of realizing improvements in weather resistance over a long 
35 period of time and found that the above object could be accomplished with a composition comprising a vinyl polymer 
having a reactive silicon containing group (a) , a polyoxyalkylene polymer having a reactive silicon containing group 
(b), and a plasticizer having an acrylic component (c). The present invention has been developed as a consequence. 
[0006] The present invention, therefore, comprises the following inventions. 

40 (1) A curable composition 

which comprises a vinyl polymer having a reactive silicon containing group (a), a polyoxyalkylene polymer 
having a reactive silicon containing group (b) , and a plasticizer having an acrylic component (c). 
(2) The curable composition according to paragraph (1), 

wherein the vinyl polymer having a reactive silicon containing group (a) is a (meth)acrylic polymer. 
^5 (3) The curable composition according to paragraphs (1) or (2), 

wherein the polyoxyalkylene polymer (b) is at least one member selected from the group consisting of poly 
(ethylene oxide), polypropylene oxide), polypropylene oxide-ethylene oxide copolymer, and poly(butylene oxide). 

(4) The curable composition according to any one of paragraphs (1) to (3), 

wherein the main chain skeleton of the polyoxyalkylene polymer (b) is a polymer synthesized by using a 
50 double metal cyanide complex catalyst. 

(5) The curable composition according to any one of paragraphs (1) to (4), 

wherein the number average molecular weight of the polyoxyalkylene polymer (b) is 500 to 50,000. 

(6) The curable composition according to paragraph (5), 

wherein the number average molecular weight of the polyoxyalkylene polymer (b) is 1 ,000 to 30,000. 
55 (7) The curable composition according to any one of paragraphs (1) to (4), 

wherein the number average molecular weight of the polyoxyalkylene polymer (b) is not less than 12,000. 
(8) The curable composition according to paragraph 7, 

wherein the number average molecular weight of polyoxyalkylene polymer (b) is not less than 15,000. 
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(9) The curable composition according to paragraph 8, 

wherein the number average molecular weight of potyoxyalkylene polymer (b) is not less than 16,000. 

(10) The curable composition according to any one of paragraphs (3) to (9), 

wherein the polyoxyalkylene polymer (b) is a polyoxypropylene polymer. 
5 (11) The curable composition according to paragraph (10), 

wherein the main chain skeleton of the polyoxyalkylene polymer (b) is a substantially straight-chain polymer. 
(12) The curable composition according to any one of paragraphs (1) to (11), 

wherein the reactive silicon containing group of the polyoxyalkylene polymer (b) is a group comprising one 
silicon atom and two hydrolyzable groups attached thereto. 
10 (13) The curable composition according to paragraph (12), 

wherein the reactive silicon containing group of the polyoxyalkylene polymer (b) is dimethoxymethylsilyl 
group. 

(14) The curable composition according to any one of paragraphs (1) to (13), 

wherein the number average molecular weight of the vinyl polymer having a reactive silicon containing group 
15 (a) is 5, 000 to 30,000. 

(15) The curable composition according to any one of paragraphs (1) to (14), 

wherein the weight ratio of the vinyl polymer having a reactive silicon containing group (a) to the polyoxy- 
alkylene polymer having a reactive silicon containing group (b) is 25/75 to 45/55. 

(16) The curable composition according to any one of paragraphs (1) to (15), 

20 wherein the number average molecular weight of the plasticizer having an acrylic component (c) is 500 to 

15,000. 

(17) The curable composition according to paragraph (16) , 

wherein the number average molecular weight of the plasticizer having an acrylic component (c) is 1 ,000 to 
8,000. 

25 (18) The curable composition according to any of paragraphs (1) to (17), 

wherein the amount of use of the plasticizer having an acrylic component (c) is 5 to 1 50 weight parts relative 
to a combined total of 100 weight parts of the vinyl polymer having a reactive silicon containing group (a) and 
polyoxyalkylene polymer having a reactive silicon containing group (b). 

(19) The curable composition according to paragraph (18), 

30 wherein the amount of use of the plasticizer having an acrylic component (c) is 1 0 to 1 20 weight parts relative 

to a combined total of 100 weight parts of the vinyl polymer having a reactive silicon containing group (a) and 
polyoxyalkylene polymer having a reactive silicon containing group (b). 

(20) The curable composition according to paragraph (19), 

wherein the amount of use of the plasticizer having an acrylic component (c) is 20 to 1 00 weight parts relative 
35 to a combined total of 100 weight parts of the vinyl polymer having a reactive silicon containing group (a) and 

polyoxyalkylene polymer having a reactive silicon containing group (b). 

(21) The curable composition according to any one of paragraphs (1) to (20), 

which further comprises another plasticizer in addition to the plasticizer having an acrylic component (c). 

(22) The curable composition according to paragraph (21), 

io wherein the weight ratio of the plasticizer having an acrylic component (c) to said other plasticizer is not less 

than 70/30. 

(23) The curable composition according to any one of paragraphs (1) to (22), 

which is for use as a siding board joint sealant. 

(24) The curable composition according to paragraph (23), 
45 wherein the siding board is a ceramic siding board. 

(25) The curable composition according to any one of paragraphs (1 ) to (24), 

which further comprises a scaly or particulate substance not smaller than 0.1 mm in diameter. 

(26) The curable composition according to any one of paragraphs (1) to (24), 

which further comprises a balloon. 
so (27) The curable composition according to paragraph (26) , 

wherein the diameter of the balloon is not less than 0.1 mm. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0007] The curable composition of the invention comprises a vinyl polymer having a reactive silicon containing group 
(a), a polyoxyalkylene polymer having a reactive silicon containing group (b), and a plasticizer having an acrylic com- 
ponent (c). The curable composition of the invention is now described in detail. 

[0008] The technology of blending the vinyl polymer having a reactive silicon containing group (a) with the polyoxy- 
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alkylene polymer having a reactive silicon containing group (b) for use in the invention includes but is not limited to 
those specific methods described in, inter alia, Japanese Kokai Publication Sho-59-1 22541 and Sho-63-1 12642, Jap- 
anese Kokai Publication Hei -06-172631, and Japanese Kokai Publication Sho-60-22851 7. 

[0009] The monomer for the vinyl polymer (a) according to the invention includes acrylates and methacrylates (here- 

5 inafter referred to sometimes as (meth)acrylates), such as methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl 
methacrylate, butyl acrylate, butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, benzyl acrylate, ben- 
zyl methacrylate, etc.; amide compounds, such as acrylamide, methacrylamide, N-methylolacrylamide, N-methylol- 
methacrylamide, etc.; epoxy compounds, such as glycidyl acrylate, glycidyl methacrylate, etc.; amino compounds, 
such as diethylaminoethyl acrylate, diethylaminoethyl methacrylate, aminoethyl vinyl ether, etc.; acrylonitrile, styrene, 

10 ct-methylstyrene, alkyl vinyl ethers, vinyl chloride, vinyl acetate, vinyl propionate, and ethylene, among others. Partic- 
ularly when the cured product is required to have rubber-like elasticity and weather resistance, (meth)acrylates, espe- 
cially alkyl (meth)acrylates, are preferably included in a proportion of not less than 50 weight %. From the standpoint 
of compatibility with the polyoxyalkylene polymer having a reactive silicon containing group (b), it is preferable to use 
acrylate and/or methacrylate monomers derived from alcohols containing 10 or more carbon atoms (hereinafter referred 

15 to sometimes as (meth)acrylate monomers). However, it is not absolutely necessary to use such (meth)acrylate mon- 
omers derived from alcohols containing 1 0 or more carbon atoms but (meth)acrylate monomers, such as butyl acrylate 
and butyl acrylate-ethyl acrylate, which are not derived from alcohols of 1 0 or more carbon atoms, can also be employed. 
[001 0] From the standpoint of ease of handling, the vinyl polymer (a) is preferably a polymer having a number average 
molecular weight of 500 to 1 00,000. From the standpoint of improved elongation properties, greater weather resistance, 

20 and satisfactory workability of the cured product, a vinyl polymer having a number average molecular weight of 5,000 
to 30,000 is still more preferred. The number average molecular weight of the vinyl polymer (a) can be determined by 
GPC in terms of polystyrene equivalent. 

[0011] The reactive silicon containing group of said vinyl polymer (a) is represented by the general formula (1): 

25 



30 




Si— X b (1) 



(wherein R 1 and R 2 each represents a substituted or unsubstituted univalent organic group containing 1 to 20 carbon 
atoms or a triorganosiloxy group; X represents hydroxyl group or a hydrolyzable group, which may be the same or 
35 varying over a plurality of occurrences; a represents an integer of 0, 1 or 2 and b represents an integer of 0, 1 , 2 or 3, 
provided, however, that the condition of (sum of a*s) + b > 1 is satisfied; n represents an integer of 0 to 1 9). The reactive 
silicon containing group preferred from economic points of view is a group represented by the general formula (2): 



40 p 2 

R 3-b 

Si— X b (2) 

45 (wherein R 2 and X are as defined above; b represents an integer of 1 , 2 or 3). 

[0012] The average number of reactive silicon containing groups in the vinyl polymer (a) is at least one, preferably 
not less than 1.1, particularly preferably not less than 1 .5 from the standpoint of providing sufficient curability. 
[0013] The particular species of the hydrolyzable group in the formula (1) includes halogen atom, hydrogen atom, 
an alkoxy group, an acyloxy group, ketoximato group, amino group, amido group, aminoxy group, mercapto group, 

50 and an alkenyloxy group. Among these, alkoxy groups such as methoxy group and ethoxy group are preferred in 
consideration of the hydro lyzability under mild conditions. 

[001 4] As typical groups for R 1 and R 2 in the formula (1 ), alkyl groups, such as methyl group and ethylgroup; cycloalkyl 
groups, such as cyclohexyl group, etc.; aryl groups, such as phenyl group, etc.; and aratkyl groups, such as benzyl 
group, etc. can be mentioned. Furthermore, R 1 and R 2 may each be a triorganosiloxy group represented by the formula 
55 R3 3 SiO- (R 3 is the same as R 1 ). Among these, methyl group is particularly preferred. 

[0015] As specific examples of said reactive silicon containing group, trimethoxysilyl group, triethoxysilyl group, tri- 
isopropoxysilyl group, di methoxy methylsily I group, diethoxymethylsilyl group, and diisopropoxymethylsilyl group can 
be mentioned. 
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[0016] The greater the number of hydrolyzable groups attached to the silicon atom, particularly to the same silicon 
atom, is, the higher the reactivity of the reactive silicon containing group is so that the curing speed of the composition 
of the invention tends to be increased. However, the elongation at break of the cured product is sometimes sacrificed. 
For example, trimethoxysilyl group is more reactive than dimethoxysilyl group, so that a polymer having a trimethoxysilyl 

5 group tends to be more reactive and higher in curing speed but smaller in the elongation at break after cure, than a 
polymer having a dimethoxymethylsilyl group. A curable composition with an improved curing speed may be obtained 
by using a vinyl polymer having a trimethoxysilyl group as said vinyl polymer (a) or using a vinyl polymer having a 
trimethoxysilyl group in combination with a polymer having a dimethoxymethylsilyl group. Furthermore, a curable com- 
position with a high curing speed may also be obtained by introducing both kinds of groups into one and the same 

io polymer. The amount of use of a highly reactive polymer, e.g. said polymer having a trimethoxysilyl group, and the 
relative amounts of said two groups in one and the same polymer can be judiciously selected so as to give a cured 
product having the desired elongation at break and curing speed, among other variables. The above practice is rec- 
ommendable because it is easy to introduce a highly reactive functional group, such as trimethoxysilyl, into a vinyl 
polymer. The technology that can be used for introducing a reactive silicon containing group into the vinyl polymer (a) 

*5 is described in, inter alia, Japanese Kokai Publication Sho-63-1 12642. 

[0017] While the skeletal polymer of the vinyl polymer (a) is generally produced by the ordinary radical polymerization 
technique using a radical initiator, it can also be obtained by the living radical polymerization technique and other 
techniques as disclosed in Japanese Kokai Publication 2000-178456. When the ordinary radical polymerization tech- 
nique is used, the molecular weight distribution (Mw/Mn) of the polymer is generally not less than 1 .8 when the number 

20 average molecular weight is not less than 10, 000. By the living radical polymerization technique, the polymer with a 
molecular weight distribution (Mw/Mn) of less than 1 .8 or even 1 .7 or 1 .6 or less can be obtained. The molecular weight 
distribution (Mw/Mn) can be determined by GPC analysis (polystyrene equivalent). 

[001 8] The curable composition comprising a vinyl polymer with a broad molecular weight distribution as synthesized 
by the ordinary radical polymerization technique, typically the polymerization technique using an azo or peroxy radical 

25 initiator, and a polyoxyalkylene polymer having a reactive silicon containing group (b) undergoes a greater viscosity 
buildup and, hence, adversely affects workability as compared with the curable composition exclusively comprising 
the polyoxyalkylene polymer having a reactive silicon containing group (b) but may have a viscosity of the order per- 
mitting its use as a sealing material. Among vinyl polymers having a reactive silicon containing group, a (meth)acrylic 
polymer having a reactive silicon containing group is preferred but when such a polymer is synthesized by the ordinary 

30 radical polymerization technique, it is preferable to use an alkyl (meth)acrylate monomer having an alkyl group of not 
less than 1 0 carbon atoms, an alkyl (meth) acrylate monomer having an alkyl group of 1 to 8 carbon atoms, and an 
acrylic and/or methacyrlic monomer having a reactive silicon containing group to synthesize a random copolymer 
comprising such monomer units. It is also a preferred protocol to use an alkyl (meth) acrylate monomer having an alkyl 
group of 1 to 8 carbon atoms and an acrylic and/or methacrylic monomer having a reactive silicon containing group, 

35 without using an alkyl (meth) acrylate monomer having an alkyl group of not less than 1 0 carbon atoms, to synthesize 
a random copolymer comprising of such monomer units. Of course, these copolymers may additionally contain other 
monomer units. Referring to the random copolymer having a reactive silicon containing group, a further alternative 
protocol comprises using an acrylic and/or methacrylic monomer having such a functional group as OH instead of the 
acrylic and/or methacrylic monomer mentioned above to prepare a random copolymer according to the same polym- 

40 erization technique as above and introducing a reactive silicon containing group into the copolymer through the utili- 
zation of said functional group. 

[0019] The polyoxyalkylene polymer (b) includes polyoxyethylene, polyoxypropylene, polyoxybutylene, polyoxyte- 
tramethylene, poly(ethylene oxide-co-propylene oxide), and polypropylene oxide-co-butylene oxide), among others. 
[0020] Substantially any polyoxyalkylene polymer having a repeating unit of the general formula (3): 

45 

— Ft 4 — O — (3) 

(wherein R 4 represents a bivalent organic group, preferably a straight-chain or branched-chain alkylene group of 1 to 
50 14 carbon atoms) is particularly preferred because it has a comparatively low glass transition temperature and gives 
a cured product having satisfactory cold resistance. 

[0021] Referring to the general formula (3), R 4 is preferably a straight-chain or branched-chain alkylene group of 1 
to 1 4 carbon atoms, more preferably one of 2 to 4 carbon atoms. The repeating unit represented by the general formula 
(3) includes the folllowing species, among others. 

55 
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CH 3 C 2 H 5 
CH 2 0" CH 2 CH 2 0 CH 2 CHO CH2CHO 

5 



10 



CH 3 

-C H 2 -CO — CH 2CH 2 CH 2CH2O 

CH 3 



15 The main chain skeleton of the polyoxyalkylene polymer may comprise only one kind of repeating unit or two or more 
kinds of repeating units. Particularly when the curable composition is to be used as a sealant or an adhesive, the 
propylene oxide polymer, particularly a polymer predominantly composed of propylene oxide, namely a polymer con- 
taining 80 weight % or more, preferably 90 weight % or more, of propylene oxide, is preferred because of its noncrys- 
talline and comparatively low viscosity. 

20 [0022] The technology of synthesizing a polyoxyalkylene polymer includes but is not limited to the polymerization 
method using an alkali catalyst, such as KOH, the polymerization method using a transition metal compound- porphyrin 
complex catalyst, such as the complex obtainable by reacting an organoaluminum compound with porphyrin, as de- 
scribed in Japanese Kokai Publication Sho-61-215623, for instance, the polymerization method using a double metal 
cyanide complex catalyst as disclosed in, inter alia, Japanese Kokoku Publication Sho-46-27250, Japanese Kokoku 

25 Publication Sho-59-15336, USP 3278457, USP 3278458, USP 3278459, USP 3427256, USP 3427334, and USP 
3427335, and the polymerization method using a phosphazene as disclosed in Japanese Kokai Publication Hei- 
11-60723. 

[0023] The polyoxyalkylene, such as polyoxypropyiene, which has a number average molecular weight of not less 
than 10,000 is preferably synthesized using a double metal cyanide complex catalyst from production cost and other 
30 points of view. 

[0024] The reactive silicon containing group of said polyoxyalkylene polymer having a reactive silicon containing 
group (b) is a group containing a hydroxyl group or other hydrolyzable group directly attached to a silicon atom and 
capable of crosslinking by forming a siloxane bond through the reaction catalyzed by a curing catalyst. As typical 
examples, there can be mentioned the groups represented by the general formula (4) 

35 



40 



R 2-c % K 3-d 



{-5*-o4 



Sr-O-7 — Si— X d (4) 



m 

Xc 

(wherein R 5 and R 6 each represents an alkyl group of 1 to 20 carbon atoms, an aryl group of 6 to 20 carbon atoms, 
45 an aralkyl group of 7 to 20 carbon atoms, or a triorganosiloxy group represented by the formula R 7 3 SiO- (R 7 represents 
a univalent hydrocarbon group of 1 to 20 carbon atoms; three R 7 groups may be the same or different) ; when two or 
more R 5 or R 6 groups are present, such groups may be the same or different; X represents a hydroxyl group or a 
hydrolyzable group and when two or more X groups are present, such groups may be the same or different; c represents 
0, 1 , or 2 and d represents 0, 1 , 2, or 3; c need not be the same over m occurrences of the group represented by the 
50 general formula (5): 

R 5 2-c 

— Sr— 0— (5) 

X c 



6 



EP 1 391 484 A1 

m represents an integer of 0 to 19; with the condition of (sum of c's) + d > 1 is satisfied). 

[0025] The hydrofyzable group represented by X is not particularly restricted but may be a hitherto-known hydrolyz- 
able group. Specifically, hydrogen atom, halogen atom, an alkoxy group, an acyloxy group, ketoximato group, amino 
group, amido group, acid amide group, aminoxy group, mercapto group, an alkenyloxy group, etc. may be mentioned. 
5 The preferred, among these, are hydrogen atom, an alkoxy group, an acyloxy group, ketoximato group, amino group, 
amido group, aminoxy group, mercapto group, and an alkenyloxy group and in view of the hydrotyzability under mild 
conditions and ease of handling, an alkoxy group is particularly preferred. 

[0026] The hydrotyzable group and hydroxyl group may be attached, in 1 to 3 units per silicon atom, and the value 
of (sum of c's) + d is preferably in the range of 1 to 5. When two or more hydrolyzable and/or hydroxyl groups are 
10 present within the reactive silicon containing group, the groups may be the same or different 

[0027] The silicon atom forming said reactive silicon containing group may be singular or plural and when silicon 
atoms are linked together by siloxane bonding or the like, the number of silicon atoms may range up to about 20. 
[0028] From availability points of view, reactive silicon containing groups represented by the general formula (6): 

15 

RVd 



20 

(wherein R 6 and X are as defined above; d is an integer of 1 , 2 or 3) are preferred. 

[0029] As examples of R 5 and R 6 in the above general formulas (4), (5), and (6), there can be mentioned alkyl groups 
such as methyl, ethyl, etc. ; cycloalkyl groups such as cyclohexyl etc. ; aryl groups such as phenyl etc.; aralkyl group 
such as benzyl etc.; and triorganosiloxy groups represented by the formula R 7 3 SiO- where R 7 is methyl or phenyl, for 
25 instance. Among these, methyl group is particularly preferred. 

[0030] The more specific examples of said reactive silicon containing group are trimethoxysilyl group, triethoxysilyl 
group, triisopropoxysilyl group, dimethoxymethylsilyl group, diethoxymethylsilyl group, diisopropoxymethylsilyl group, 
and so forth. 

[0031] The curing speed of the composition can be increased by introducing reactive silicon containing groups having 
30 high reactivity, such as trimethoxysilyl groups, into the polyoxyalkylene polymer. Particulars of this technology have 
already been discussed above. 

[0032] The above introduction of reactive silicon containing groups can be carried out in the known manner. For 
example, the following methods may be mentioned. 

35 (a) An organic polymer having a functional group, such as hydroxyl group, within the molecule is caused to react 

with an organic compound having an active group capable of reacting with said functional group and an unsaturated 
group to give an organic polymer having the unsaturated group, or copolymerized with an unsaturated group- 
containing epoxy compound to give an unsaturated group-containing organic polymer. The reaction product thus 
obtained is then hydrosilylated by permitting a hydrosilane having a reactive silicon containing group to act thereon. 

40 (b) An unsaturated group-containing organic polymer prepared in the same manner as in (a) is reacted with a 

compound having a mercapto group and a reactive silicon containing group. 

(c) An organic polymer having a functional group, such as hydroxyl group, epoxy group, or isocyanato group, within 
the molecule is reacted with a compound having a functional group capable of reacting with said functional group 
and a reactive silicon containing group. Referring to the above method, the reaction mode in which the compound 
45 having a reactive silicon containing group is reacted at the terminus of the organic polymer is preferred. 

[0033] The polyoxyalkylene polymer having a reactive silicon containing group (b) may be straight-chain or branched. 
Assuming that the molecular weight is constant, use of a straight-chain polymer imparts a greater elongation at break 
to the cured product as compared with the use of a branched polymer but causes an increase in viscosity of the uncured 

so composition so that the composition tends to become less easy to handle. Referring to the number average molecular 
weight of the polyoxyalkylene polymer having a reactive silicon containing group (b), its lower limit is preferably 500, 
more preferably 1 ,000, still more preferably 1 2,000. The upper limit is preferably 50, 000, more preferably 30, 000, still 
more preferably 25,0000. If the number average molecular weight is less than 500, the polyoxyalkylene polymer having 
a reactive silicon containing group tends to give a brittle cured product. If it exceeds 50,000, the functional group 

55 concentration is so low that the curing speed is sacrificed. The additional disadvantage is that the viscosity of the 
polymer is increased to make handling difficult. Particularly from the standpoint of viscosity of the polyoxyalkylene 
polymer having a reactive silicon containing group, the number average molecular weight is preferably between 1 ,000 
and 30,000. 
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[0034] Along with the recent prolongation of the quality assurance period of housings, sealing materials are required 
to be free from the aging of performance with time. Under the circumstances the composition of the invention can be 
used in weather- resistant sealing material and other applications with advantage. Inclusive of architectural sealing 
materials, sealing materials in general are required to have high elongation at break. Sealing materials for ceramic 
siding boards which undergo marked shrinkage with time, in particular, are required to have high elongation at break. 
[0035] By way of illustration, the test for sealing materials for ceramic sidings as established by the Japan Association 
Fiber Reinforced Cement Siding Manufacturers institutes that the elongation at break should be at least 250%. How- 
ever, counting on aging of performance with time, among others, the elongation at break is preferably double this value, 
namely not less than 500% and, further preferably not less than 600%. The cured product available from a composition 
comprising the vinyl polymer having a reactive silicon containing group (a) and the polyoxyalkylene polymer having a 
reactive silicon containing group (b) is satisfactory in weather resistance but has been found to be poor in elongation 
at break as compared with the composition not containing the vinyl polymer having a reactive silicon containing group 

(a) . Use of a vinyl polymer having a reactive silicon containing group giving only an insufficient elongation at break to 
a cured product is disadvantageous in that the freedom of formulation is limited, for a plasticizer must be used in a 
large quantity in order to obtain a sufficient elongation at break, for instance. 

[0036] The inventors of the present invention discovered that the most effective method of improving the elongation 
at break of the cured product available from a curable composition comprising a vinyl polymer having a reactive silicon 
containing group (a) and a polyoxyalkylene polymer having a reactive silicon containing group (b) is to specify the 
number average molecular weight of the polyoxyalkylene polymer having a reactive silicon containing group (b) to be 
not less than 16, 000. To improve the elongation at break of the cured product, it is more efficient to increase the 
molecular weight of the polyoxyalkylene polymer having a reactive silicon containing group (b) than increasing the 
molecular weight of the vinyl polymer having a reactive silicon containing group (a). Generally speaking, assuming that 
the kind of reactive silicon containing group and its amount per mole of the polymer are the same, increasing the 
molecular weight of the polymer results in a decreased density of the reactive silicon containing group and it is, therefore, 
reasonable to predict that the reaction rate of the reactive silicon containing group is decreased and the curing speed 
of the curable composition is also decreased. However, in the composition according to the invention, increasing the 
number average molecular weight of the polyoxyalkylene polymer having a reactive silicon containing group (b) to 
16,000 or more results in little loss of curing speed. 

[0037] Furthermore, increasing the molecular weight of the polyoxyalkylene polymer having a reactive silicon con- 
taining group (b) causes a decrease in the number of crosslinking sites and, hence, tends to sacrifice the weather 
resistance but the composition of the invention is advantageous in that substantially no aging of weather resistance 
was noted even after at least 2, 000 hours of sunshine weatherometer exposure. From the standpoint of elongation at 
break, the number average molecular weight of the polyoxyalkylene polymer having a reactive silicon containing group 

(b) is preferably not less than 17,000, further preferably not less than 18,000, particularly preferably not less than 
19,000. In consideration of the viscosity of the composition, the upper limit of molecular weight is 25, 000, further 
preferably 23, 000, particularly preferably 22,000. 

[0038] When the number average molecular weight of the polyoxyalkylene polymer (b) is to be increased to 1 6, 000 
or more for improving the elongation at break of the cured product, the polyoxyalkylene polymer is preferably a straight- 
chain polymer having substantially no branches in order that a sufficient elongation at break may be expressed. 
[0039] Furthermore, the reactive silicon containing group of the polyoxyalkylene polymer (b) is preferably a group 
such that two hydrolyzable groups are attached to one silicon atom, for example dimethoxymethylsilyl group. 
[0040] The number average molecular weight of the polyoxyalkylene polymer having a reactive silicon containing 
group (b) in the context of the invention is the molecular weight meeting the following definition. 
[0041] Thus, the number average molecular weight of said polymer (b) is defined herein to be the number average 
molecular weight (end-group molecular weight) determined by measuring terminal group concentration with direct 
titrimetry according to the principles of the hydroxyl value determining method as specified in JIS K1 557 and the iodine 
value determining method as specified in JIS K0070 and taking the polyether oligomer structure into account. It can 
also be determined by plotting the polystyrene equivalent molecular weight found by the GPC analysis, which is a 
common relative method of determining the number average molecular weight, against the above end-group molecular 
weight to construct a calibration curve and converting the measured GPC molecular weight to the end-group molecular 
weight. Comparison of the molecular weight of the polymer prior to introduction of said reactive silicon containing group, 
such as an unsaturated group-containing polyoxyalkylene, with the molecular weight of the polymer into which said 
reactive silicon containing group has been introduced reveals that usually the molecular weight of the polymer into 
which said reactive silicon containing group has been introduced tends to be slightly larger but there is no remarkable 
difference. 

[0042] The reactive silicon containing group of the polyoxyalkylene polymer (b) for use in the invention should exist 
in the number of at least 1 , preferably 1.1 to 5, for each mole of the polymer on the average. If the number of reactive 
silicon containing groups in the polymer molecule is less than 1 on the average, curability will be insufficient. If the 
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number is too large, the polymer network structure will be too dense to express good mechanical properties. 
[0043] The reactive silicon containing group of the polyoxyalkylene polymer (b) for use in the invention may be present 
within the polyether molecular chain as a side chain or at the chain terminus. When the reactive silicon containing 
group is present as a side chain, the effective network chain amount in the ultimate cured product is smaller so that a 

5 rubbery cured product expressing high elastic modulus and low elongation at break is more likely formed. On the other 
hand, when the reactive silicon containing group is present in the neighborhood of the molecular chain terminus, the 
effective network chain amount in the ultimate cured product is large so that a rubbery cured product expressing high 
strength, high elongation at break, and low elastic modulus is more likely formed. Particularly when the reactive silicon 
containing group is present at the molecular chain terminus, the effective network chain amount in the ultimate cured 

10 product is maximized so that a cured product is suited for use as an architectural sealant desirably having large elon- 
gation at break in the sense of tensile properties and rubber-like elasticity in the sense of flexibility. 
[0044] Specifically, the polyoxyalkylene polymer having a reactive silicon containing group (b) includes but is not 
limited to the polymers proposed in Japanese Kokoku Publication Sho-45-3631 9 and Sho-46-12154, Japanese Kokai 
Publication Sho-50- 156599, Sho-54-6096, Sho-55-13767, Sho-55-13468, Sho-57-164123, Japanese Kokoku Publi- 

15 cation Hei-03-2450, USP 3632557, USP 4345053, USP 4366307, USP 4960844, etc.; the polymers having reactive 
silicon containing groups, such as dimethoxymethylsilyl groups, as introduced by hydrosilylation, for instance, into 
polyoxyalkylene polymers having high molecular weights and narrow molecular weight distributions, namely number 
average molecular weights not less than 6, 000 and Mw/Mn values not over 1 . 6, which are proposed in Japanese 
Kokai Publication Sho-61 -197631, Sho-61-215622, Sho-61-215623, and Sho-61-218632, and the polymers having 

20 high molecular weights and narrow molecular weight distributions as disclosed in Japanese Kokai Publication Hei- 
03-72527. 

[0045] The vinyl polymer having a reactive silicon containing group (a) largely contributes to the viscosity gain of the 
final composition and, hence, tends to degrade the workability but by using a polyoxyalkylene polymer having a reactive 
silicon containing group (b) having a Mw/Mn value of not more than 1 . 6, preferably not more than 1 .5, it is possible to 

25 suppress the viscosity gain of the final composition and improve the workability. Such a polymer can be prepared from 
a polyoxyalkylene polymer synthesized by using a double metal cyanide complex catalyst. Even if a polymer with such 
a narrow molecular weight distribution is used as said polyoxyalkylene polymer having a reactive silicon containing 
group (b), it is likely that the use of a straight-chain polymer with a number average molecular weight of not less than 
16,000 and, as the vinyl polymer having a reactive silicon containing group (a), a polymer prepared by the radical 

30 polymerization technique other than the living radical polymerization technique, such as a (meth) acrylic random co- 
polymer, will result in a remarkable increase in the viscosity of the composition. However, the viscosity will still be of 
the order of about 1 00 Pa-s or 80 Pa s, which permits use of the composition as a sealing material composition. There- 
fore, it will be unnecessary to use an extraordinary formulation including a solvent and an excessive amount of a 
plasticizer for viscosity reduction, for instance, or, if formulated, these need be used only in minor amounts. 

35 [0046] Regarding the formulating ratio of the vinyl polymer having a reactive silicon containing group (a) to the poly- 
oxyalkylene polymer having a reactive silicon containing group (b), the lower limit of (a)/(b) (by weight) is preferably 
10/90, more preferably 25/75, still more preferably 30/70. The upper limit is preferably 90/10, more preferably 45/55. 
If this ratio is reduced to less than 10/90, that is to say the relative amount of the polyoxyalkylene polymer having a 
reactive silicon containing group (b) is increased, the weather resistance tends to become insufficient when the weather 

40 resistance of a modified silicone sealing material showing no aging after 2,000 hours of sunshine weatherometer ex- 
posure is regarded as a standard. On the other hand, if the ratio exceeds 90/10, that is to say the relative amount of 
the vinyl polymer having a reactive silicon containing group (a) is increased, the weather resistance will be improved 
but the composition tends to gain so much in viscosity as to degrade the workability. 

[0047] In the case where an alkyl acrylate polymer and/or alkyl methacrylate polymer having a reactive silicon con- 
45 taining group is used as the vinyl polymer having a reactive silicon containing group (a) and a polyoxypropylene polymer 
having a reactive silicon containing group is used as the polyoxyalkylene polymer having a reactive silicon containing 
group (b), the (a)/(b) ratio is preferably within the range of 25/75 to 45/55. Particularly when a polyoxypropylene polymer 
having a reactive silicon containing group with a number average molecular weight of not less than 1 0,000, preferably 
not less than 1 6,000, especially preferably not less than 1 8,000, and a molecular weight distribution Mw/Mn = not more 
50 than 1.5 is employed, the (a)/(b) ratio is preferably within the range of 25/75 to 45/55. When the (a)/(b) ratio is 25/75 
to 45/55, both sufficient weather resistance and workability can be well achieved. The more preferred range is 30/70 
to 45/55. 

[0048] The plasticizer having an acrylic component (c) for use in the invention includes polymers of acrylic monomers 
such as acrylates and acrylamides. The preferred are polymers inclusive of acrylate copolymers and copolymers of 
55 acrylates with other monomers. As specific acrylates, the acrylates indicated for use in the production of the (a) com- 
ponent of the invention can be mentioned by way of example. The preferred are alkyl acrylates, particularly alkyl acr- 
ylates having alkyl groups of 1 to 8 carbon atoms, such as butyl acrylate and ethyl acrylate. By adding such a plasticizer, 
not only the viscosity and slump of the curable composition and the mechanical properties, such as tensile strength 
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and elongation at break, of the cured product obtained by curing the composition can be adjusted but also a good 
weather resistance can be maintained for a long time as compared with the use of a plasticizer not containing an acrylic 
component within the molecule. Furthermore, the use of the plasticizer having an acrylic component (c), particularly 
the acrylic polymer synthesized by the SGO process to be described hereinafter, results in a greater elongation at 

5 break of the cured product as compared with the use of any plasticizer other than the plasticizer having an aery fie 
component. Therefore, in manufacturing a sealing material with a large elongation at break of the ultimate cured prod- 
uct, which is especially required of sealing materials for siding boards, by using a polymer with a number average 
molecular weight of not less than 1 6,000 as the polyoxyalkylene polymer (b) as mentioned above, a plasticizer having 
an acrylic component (c) functions as a very suitable plasticizer. 

w [0049] The number average molecular weight of said plasticizer having an acrylic component (c) is preferably 500 
to 1 5,000, more preferably 800 to 1 0,000, still more preferably 1 ,000 to 8, 000. If the molecular weight is too low, heat 
and rain tend to cause release of the plasticizer with time to prevent long-term maintenance of initial physical properties 
and expression of improved weather resistance. On the other hand, if the molecular weight is too large, the viscosity 
tends to be increased to degrade the workability. Since the plasticizer having an acrylic component (c) acts as a plas- 

15 ticizer, its viscosity is usually lower than the viscosity of either one or both of the vinyl polymer having a reactive silicon 
containing group (a) and polyoxyalkylene polymer having a reactive silicon containing group (b). Particularly, the vis- 
cosity of the plasticizer having an acrylic component (c) is preferably lower than the viscosity of the polyoxyalkylene 
polymer having a reactive silicon containing group (b). Referring to number average molecular weight, too, the number 
average molecular weight of the plasticizer having an acrylic component (c) is preferably lower than the number average 

20 molecular weight of either one or both of the vinyl polymer having a reactive silicon containing group (a) and polyoxy- 
alkylene polymer having a reactive silicon containing group (b) by not less than 1,000, more preferably not less than 
2, 000, still more preferably not less than 3,000. The number average molecular weight of the plasticizer having an 
acrylic component (c) can be determined by GPC as the polystyrene equivalent The molecular weight distribution 
(Mw/Mn) can also be determined by GPC (polystyrene equivalent method). 

25 [0050] Specifically, the plasticizer having an acrylic component (c) includes but is not particularly limited to the (meth) 
acrylic polymer with a molecular weight distribution of not more than 1 .8 as prepared by the living radical polymerization 
technique proposed in, inter afia, Japanese Kokai Publication 2000-178456. The polymers made via SGO process 
which are produced by Toagosei Co., Ltd. and Johnson Polymer Corporation as reported in the August, 1998 issue 
(p. 110) of Kogyo Zairyo can also be utilized. The SGO polymers can be produced by subjecting acrylate monomers 

30 to continuous bulk polymerization at high temperature and pressure. Usually the polymers which are liquid at room 
temperature and have no functional group are employed. These may be used each independently or in a combination 
of two or more species. Where necessary, these may be used in combination with a low molecular plasticizer within 
the range not adversely affecting physical properties. 

[0051] These plasticizers having an acrylic component may be acrylic polymers not having a reactive silicon con- 
35 taining group or acrylic polymers having a reactive silicon containing group. By utilizing the hydroxyl group of a hydroxyl 
group-containing polymer made via SGO process, the reactive silicon containing group can be introduced by the same 
method as the above-described method of introducing a reactive silicon containing group for the production of the 
polyoxyalkylene polymer having a reactive silicon containing group (b). The acrylic polymer having a reactive silicon 
containing group functions as a reactive plasticizer, helping to eliminate bleeding of a plasticizer from the cured product, 
^0 among other effects. When the reactive silicon containing group exists in the number of more than 1 per mole of the 
polymer on the average, the tensile properties of the cured product are greatly affected. The plasticizer having an 
acrylic component (c), such as an acrylic polymer, which has a reactive silicon containing group in the number of not 
more than 1 on the average per mole is preferred as said reactive plasticizer. 

[0052] Regarding the amount of use of the plasticizer having an acrylic component (c) relative to a combined total 
45 of 1 00 weight parts of the vinyl polymer having a reactive silicon containing group (a) and polyoxyalkylene polymer 
having a reactive silicon containing group (b), the lower limit is preferably 5 weight parts, more preferably 10 weight 
parts, still more preferably 20 weight parts. The upper limit is preferably 150 weight parts, more preferably 120 weight 
parts, still more preferably 100 weight parts. If the upper limit is less than 5 weight parts, the plasticizing effect tends 
to be scarcely expressed. If it exceeds 150 weight parts, the mechanical strength of the cured product tends to be 
so insufficient. And, such a plasticizer may be formulated in the stage of synthesis of the polymer. 

[0053] For curing the composition of the invention, a curing catalyst need not necessarily be used. When a curing 
catalyst is to be used, conventionally known catalysts can be used. As specific examples of the curing catalyst, silanol 
condensation catalysts including titanium compounds such as tetrabutyl titanate, tetrapropyl titanate, tetraacetylacet- 
onate titanium, etc.; tetravalent tin compounds such as dibutyltin dilaurate, dibutyltin maleate, dibutyltin phthalate, 
55 dibutyltin dioctanoate, dibutyltin di(ethyl hexanoate), dibutyltin di(methyl maleate), dibutyltin di(ethyl maleate), dibutyltin 
di(butyl maleate), dibutyltin di(octyl maleate), dibutyltin diftridecyl maleate), dibutyltin di (benzyl maleate), dibutyltin 
diacetate, dioctyltin di (ethyl maleate), dioctyftin di(octyl maleate), dibutyltin dimethoxide, dibutyltin di(nonyl phenoxide), 
dibutenyltin oxide, dibutyltin di(acetyl acetonate), dibutyltin difethyl acetoacetonate), reaction products of dibutyltin 
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oxide with phthalic esters, etc.; divalent tin compounds such as stannous octanoate, tin naphthenate, stannous stea- 
rate, etc.; organoaluminum compounds such as aluminum tris(acetylacetonate), aluminum tris(ethyl acetoacetate), 
diisopropoxyaluminum-ethyl acetoacetate, etc.; zirconium compounds such as zirconium tetraacetylacetonate etc.; 
lead octanoate; amine compounds such as butytamine, octylamine, dibutylamine, monoethanolamine, diethanolamine, 
triethanolamine, diethylenetriamine, triethylenetetramine, oleylamine, cyclohexylamine, benzylamine, diethylamino- 
propylamine, xylylenediamine, triethylenediamine, guanidine, diphenylguanidine, 2,4 ,6-tris(dimethylaminomethyl) phe- 
nol, morpholine, N-methylmorpholine, 2-ethyl-4-methylimidazo!e, 1,8-diazabicyclo(5.4.0)undecene-7 (DBU), etc. or 
salts of these amine compounds with carboxylic acids etc.; low molecular weight polyamide resins obtainable from an 
excess of a polyamine with polybasic acids; reaction products of an excess of a polyamine with epoxy compounds; 
silane coupling agents having an amino group such as y-aminopropyltrimethoxysilane, N-(P-aminoethyl)aminopropyl- 
methyldimethoxysilane, etc.; other known silanol condensation catalysts such as other acid catalysts and basic cata- 
lysts, among others, can be mentioned. These catalysts may be used each independently or in a combination of two 
or more species. 

[0054] The amount of use of such a curing catalyst relative to a combined total of 1 00 weight parts of the vi ny I polymer 
having a reactive silicon containing group (a) and polyoxyalkylene polymer having a reactive silicon containing group 
(b) is preferably about 0.1 to 20 weight parts, more preferably about 1 to 10 weight parts. Too low amount of use of 
the curing catalyst is not preferable, because the curing speed is decreased and the curing reaction does not proceed 
sufficiently. On the other hand, too high amount of use of the curing catalyst is not preferable, because local exothermic 
reaction and foaming take place in curing and a good cured product cannot be easily obtained. 
[0055] For the purpose of enhancing the activity of the condensation catalyst, the curable composition of the invention 
may be supplemented with a silicon compound having no silanol group which may be represented by the general 
formula: 

R a Si(OR) 4 _ a 

(wherein the R groups each independently represents a substituted or unsubstituted hydrocarbon group of 1 to 20 
carbon atoms; a represents any of 0, 1, 2, and 3). This silicon compound is not restricted but the compounds of the 
above general formula wherein R is an aryl group of 6 to 20 carbon atoms, such as phenyltrimethoxysilane, phenyl- 
methyldimethoxysilane, phenyldimethylmethoxysilane, diphenyldimethoxysilane, diphenyldiethoxysilane, and triphe- 
nylmethoxysilane, are preferred because these are especially effective in accelerating the curing reaction of the com- 
position. In consideration of cost and availability, diphenyldimethoxysilane and diphenyldiethoxysilane are particularly 
preferred. The formulating amount of this silicon compound is preferably about 0.01 to 20 weight parts, more preferably 
0.1 to 10 weight parts, based on a combined total of 100 weight parts of the vinyl polymer having a reactive silicon 
containing group (a) and polyoxyalkylene polymer having a reactive silicon containing group (b). If the formulating 
amount of the silicon compound is below the above range, the accelerating effect on the curing reaction tends to be 
insufficient. On the other hand, if the formulating amount of the silicon compound exceeds the above range, the hard- 
ness and tensile strength of the cured product tend to be decreased. 

[0056] The composition of the invention may be supplemented with a silane coupling agent, a reaction product of a 
silane coupling agent, or a compound other than a silane coupling agent as an adhesion-imparting agent. Specifically, 
the silane coupling agent includes isocyanato group-containing silanes such as y-isocyanatopropyftrimethoxysilane, 
y-isocyanatopropyltriethoxysilane, 7-isocyanatopropylmethyldiethoxysilane, Y-' soc y ana topropylmethyldimethoxysi- 
lane, etc. ; amino group-containing silanes such as 7-aminopropyrtrimethoxysilane, 7-aminopropyltriethoxysilane, y-ami- 
nopropylmethyidimethoxysiiane, y-aminopropylmethyldiethoxysilane, y-(2-aminoethyl)aminopropyltrimethoxysilane, 
Y-(2-aminoethyl)aminopropylmethyldimethoxysilane, Y-(2-aminoethyl)aminopropyttriethoxysilane, y-(2-aminoethyl) 
aminopropylmethyldiethoxysilane, y-ureidopropyltrimethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane, N-ben- 
zyl-yaminopropyltrimethoxysilane, N-vinylbenzyl-y-aminopropyltriethoxysilane, etc.; mercapto group-containing si- 
lanes such as -y-mercaptopropyltrimethoxysilane, ^mercaptopropyltriethoxysilane, 7-mercaptopropylmethyldimethox- 
ysilane,y-mercaptopropylmethyldiethoxysilane, etc.; epoxy group-containing silanes such asY-gtycidoxypropyltrimeth- 
oxysilane, y-glycidoxypropyltriethoxysilane, ^glycidoxypropylmethyldimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltri- 
methoxysilane, p-(3,4-epoxycyclohexyl)ethyltriethoxysilane, etc.; carboxysi lanes such as p-carboxyethyltriethoxysi- 
lane, p-carboxyethylphenylbis(2-methoxyethoxy)silane, N-p-(carboxymethyl)aminoethyl-Y-aminopropyltrimethoxysi- 
lane, etc.; vinyl type unsaturated group-containing silanes such as vinyftrimethoxysilane, vinyltriethoxysilane, y- 
methacryloyloxypropylmethyldimethoxysilane, y-acryloyloxypropylmethyltriethoxysilane, etc.; halogen-containing si- 
lanes such as y-chloropropyltrimethoxysilane etc. ; and isocyanurate silanes such as tris(trimethoxysilyl) isocyanurate 
and so forth. Furthermore, the modification derivatives of these silanes, such as amino- modified silyl polymers, silylated 
amino group-containing polymers, unsaturated aminosilane complexes, phenylamino(long-chain)alkylsilanes, aminos- 
ilylated silicones, silylated polyesters, etc. may also be used likewise as silane coupling agents. In the present invention, 
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the si lane coupling agent is used generally within the range of 0.1 to 20 weight parts, particularly preferably 0.5 to 10 
weight parts, based on a combined total of 100 weight parts of the vinyl polymer having a reactive silicon containing 
group (a) and polyoxyalkylene polymer having a reactive silicon containing group (b). 

[0057] Regarding the effect of the silane coupling agent added to the curable composition of the invention, when the 
composition is applied to various adherends, namely inorganic substrates such as glass, aluminum, stainless steel, 
zinc, copper, mortar, etc. or organic substrates such as poly(vinyl chloride), acrylic resins, polyesters, polyethylene, 
polypropylene, polycarbonates, etc., the silane coupling agent produces marked improvements in adhesion whether 
under non-primer conditions or under primer conditions. The adhesion-improving effect on various adherends is par- 
ticularly pronounced when it is used under non-primer conditions. As specific examples of the adhesion-imparting 
agent other than silane coupling agents, there can be mentioned but not particularly limited to epoxy resins, phenol 
resins, sulfur, alkyl titanates, and aromatic polyisocyanates, among others. These adhesion-imparting agents may be 
used each independently or as a mixture of two or more different species. By adding such an adhesive-imparting agent, 
the adhesion to various adherends can be improved. 

[0058] The composition of the invention may be supplemented with various fillers. Among such fillers are reinforcing 
fillers such as fumed silica, precipitated silica, crystalline silica, fused silica, dolomite, silicic anhydride, hydrous silicic 
acid, and carbon black; such fillers as ground calcium carbonate, colloidal calcium carbonate, magnesium carbonate, 
diatomaceous earth, calcined clay, clay, talc, titanium dioxide, bentonite, organic bentonite, ferric oxide, aluminum dust, 
flint powder, zinc oxide, activated zinc white, Shirasu-balloons, glass microballoons, organic microballoons such as 
phenol resin and vinylidene chloride resin microballoons, and resin powders such as PVC powder and PMMA powder; 
fibrous fillers such as asbestos, glass fibers and filaments, and so forth. 

[0059] When it is desired to obtain a cured product of high hardness by using such a filler, it is advantageous to use 
a filler selected chiefly from fumed silica, precipitated silica, crystalline silica, fused silica, dolomite, silicic anhydride, 
hydrous silicic acid, carbon black, surface-treated microfme calcium carbonate, calcined clay, clay, activated zinc white, 
among others, and satisfactory results are obtained when such a filler or fillers are used in a proportion of 1 to 100 
weight parts relative to a combined total of 100 weight parts of said vinyl polymer having a reactive silicon containing 
group (a) and polyoxyalkylene polymer having a reactive silicon containing group (b). Furthermore, when it is desired 
to obtain a cured product with low strength and high elongation at break, it is advantageous to use a filler or fillers 
selected chiefly from titanium dioxide, calcium carbonate, magnesium carbonate, talc, ferric oxide, zinc oxide, silas 
balloons, among others, in a proportion of 5 to 200 weight parts based on a combined total of 1 00 weight parts of said 
vinyl polymer having a reactive silicon containing group (a) and polyoxyalkylene polymer having a reactive silicon 
containing group (b). In this connection, calcium carbonate is generally characterized in that the larger its surface area, 
the greater is the degree of improvement in the strength at break, elongation at break, and adhesion of the cured 
product. Of course, these fillers may be used each independently or as a mixture of two or more different species. 
[0060] For the purpose of improving the workability (knife-releasability and other properties) of the composition and 
giving a matte effect on the surface of the cured product, addition of organic balloons or inorganic balloons is preferred. 
These fillers may be surface-treated and can be used each species independently or as a mixture of two or more 
different species. For improving the workability (knife-releasability and other properties), the particle size of balloons 
is preferably not more than 0.1 mm. For imparting a matte effect to the surface of the cured product, the preferred size 
is 5 to 300 urn. 

[0061] By virtue of the satisfactory weather resistance of the cured product, the composition of the invention can be 
applied with advantage to the joints of exterior walls of houses, such as siding boards, particularly ceramic siding 
boards but it is preferable to match the sealing material design to the siding design. As exterior walls, in particular, 
those with a deluxe feeling created by spatter coating or incorporation of colored aggregates are used these days. 
When a scaly or particulate substance not less smaller 0.1 mm, preferably about 0.1 to 5.0 mm, in diameter is formulated 
into the composition of the invention, the cured product matches up well with such deluxe-finished exterior walls and, 
in addition, shows good weather resistance. Thus, the composition is enabled to give a cured product capable of 
retaining the attractive appearance over years. When a particulate substance is formulated, a pebbled or sandstone- 
like coarse surface texture can be expressed. When a scaly substance is formulated, an irregular surface resulting 
from its scaly shape can be expressed. 

[0062] The preferred diameter, formulating amount, constituent material, etc. of such scaly or particulate substances 
are described in Japanese Kokai Publication Hei-09-53063, as follows. 

[0063] The diameter is not less than 0. 1 mm, preferably about 0.1 to 5.0 mm, and a suitable size is selected according 
to the exterior wall material, design, and the like. Scaly substances and particulate substances measuring about 0.2 
mm to 5.0 mm in diameter and those measuring about 0.5 mm to 5.0 mm can also be employed. In the case of a scaly 
substance, its thickness is about 1/10 to 1/5 of its diameter (ca. 0.01 to 1.00 mm) . The scaly or particulate substance 
is either premixed with the main sealing material and transported, as such, to the field or mixed with the main sealing 
material in the field before application. 

[0064] The scaly or particulate substance is formulated in a proportion of about 1 to 200 weight parts relative to 100 
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weight parts of the sealing material composition. The formulating amount is judiciously selected according to the size 
of the scaly or particulate substance, the exterior wall material and design, and so forth. 

[0065] As the scaly or particulate substance, natural materials such as silica sand, mica, etc., synthetic rubbers, 
synthetic resins, and inorganic materials such as alumina are used. To enhance the decorative effect of joints after 
5 application, the material can be colored to a suitable shade matching the siding material, design, and the like. 

[0066] The preferred finishing method and other particulars are disclosed in Japanese Kokai Publication Hei- 

09- 53063. 

[0067] When balloons (preferably with a mean particle diameter not less than 0.1 mm) are used for the same purpose 
as above, a pebbled or sandstone-like coarse texture can be obtained and, in addition, a reduction in weight can be 
10 realized. The preferred diameter, formulating amount, constituent material, etc. of such balloons are described in Jap- 
anese Kokai Publication Hei-1 0-251 61 8, as follows. 

[0068] Balloons are hollow spherical fillers. The material for such balloons includes inorganic materials such as glass, 
silas, silica, etc. and organic materials such as phenol resins, urea resins, polystyrenes, Saran, etc. but these are not 
exclusive choices. Thus, it may be a composite of inorganic and organic materials or a laminate comprising a plurality 

15 of layers of such materials. Thus, any of inorganic, organic, and composite balloons can be employed. The balloons 
for use may be balloons of one and the same material or a mixture of balloons of different materials. Furthermore, 
balloons having a processed or coated surface can be used and even otherwise balloons surface-treated with various 
finishing agents may also be used. For example, organic balloons coated with calcium carbonate, talc, titanium dioxide, 
or the like and inorganic balloons subjected to a surface treatment with a silane coupling agent can be mentioned. 

20 [0069] In order to obtain a pebbled or a sandstone-like coarse surface, the diameter of individual balloons is preferably 
not less than 0.1 mm. Balloons measuring about 0.2 to 5.0 mm or about 0.5 to 5. 0 mm in diameter can also be used. 
If the diameter is less than 0.1 mm, formulating a large quantity of balloons tends to cause only a viscosity gain of the 
composition, not contributing to the expression of a coarse texture. The formulating amount of balloons can be easily 
selected according to the desired degree of coarseness of the pebbled or sandstone- like texture. It is usually recom- 

25 mendable to formulate balloons not smaller than 0.1 mm in diameter in a proportion of 5 to 25 vol % based on the 
volume of the composition. If the volume concentration of balloons is less than 5 vol %, no coarse texture can be 
obtained. If it exceeds 25 vol %, the sealing material will gain too much in viscosity to obtain sufficient workability and 
the modulus of the cured product will be increased so that the fundamental performance as a sealing material tends 
to be impaired. The volume concentration which is particularly preferred for achieving a balance with the fundamental 

30 performance required of a sealing material is 8 to 22 vol %. 

[0070] In using balloons, the composition may be supplemented with an anti-slip agent such as the one described 
in Japanese Kokai Publication 2000-154368 and an amine compound for further imparting a matte effect to the irregular 
surface of the cured product, particularly a primary and/or secondary amine having a melting point of not less than 
35°C, as discribed in Japanese Kokai Publication 2001-164237. 

35 [0071] Specific examples of balloons are described in Japanese Kokai Publication Hei-02-1 29262, Japanese Kokai 
Publication Hei-04-8788, Japanese Kokai Publication Hei-04- 173867, Japanese Kokai Publication Hei-05-1225, Jap- 
anese Kokai Publication Hei-07-113073, Japanese Kokai Publication Hei-09-53063, Japanese Kokai Publication Hei- 

10- 251618, Japanese Kokai Publication 2000-154368, Japanese Kokai Publication 2001-164237, and WO97/05201, 
among other publications. 

40 [0072] When the composition of the invention contains particles of cured sealing material, the cured product is formed 
with surface irregularities, thus improved in the decorative effect. The preferred diameter, formulating amount, constit- 
uent material, etc. of said particles of cured sealing material are as described in Japanese Kokai Publication 
2001-115142, as follows. The preferred diameter is 0.1 to 1 mm, more preferably about 0.2 to 0.5 mm. The formulating 
amount is preferably 5 to 1 00 weight %, more preferably 20 to 50 weight %, in the curable composition. The constituent 

45 material is not particularly restricted provided that it can be used as a sealing material and includes urethane resins, 
silicones, modified silicones, polysulfide rubber, etc., although a modified silicone type sealing material is preferred. 
[0073] The composition of the invention may be supplemented with a suitable other plasticizer component in addition 
to said plasticizer having an acrylic component. The plasticizer component mentioned just above is not particularly 
restricted but, depending on purposes such as adjustment of physical properties and adjustment of physical state, the 

50 following substances can be used each independently or as a mixture of two or more species: namely phthalic esters 
such as dibutyl phthalate, diheptyl phthalate, di(2-ethylhexyl) phthalate, butyl benzyl phthalate, etc.; non-aromatic di- 
basic acid esters such as dioctyl adipate, dioctyl sebacate, dibutyl sebacate, isodecyl succinate, etc. ; fatty acid esters 
such as butyl oleate, methyl acetyl ricilynoleate, etc.; esters of polyalkylene glycols, such as di ethylene glycol diben- 
zoate, triethylene glycol dibenzoate, pentaerythritol esters, etc.; phosphoric esters such as tricresyl phosphate, tributyl 

55 phosphate, etc. ; trimellitic esters; chlorinated paraffins; hydrocarbon oils such as alkyldiphenyls, partially hydrogenated 
terphenyl, etc.; process oils; polyethers such as polyethylene glycol, polypropylene glycol, etc.; epoxy plasticizers such 
as epoxidized soybean oil, benzyl epoxystearate, etc.; and polyester plasticizers. However, these are not necessarily 
essential. These plasticizers can be formulated in the stage of polymer synthesis. The plasticizer having an acrylic 
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component (c) is generally expensive and the use of it in combination with other plasticizers often results in cost re- 
duction. When such other plasticizers are used in combination with the plasticizer having an acrylic component (c) in 
formulations of the composition of the invention, the case in which the weight ratio of the plasticizer having an acrylic 
component to the other plasticizer or plasticizers is not less than 70/30 is superior to the case in which the ratio is less 
than 70/30 as far as weather resistance is concerned. From the standpoint of compatibility, the plasticizers other than 
the plasticizer having an acrylic component (c) are preferably phthalic esters and polyethers. 
[0074] Where necessary, the curable composition of the invention may be supplemented with a physical state-mod- 
ulating agent for adjusting the tensile properties of the cured product. The physical state- modulating agent is not par- 
ticularly restricted but includes, inter alia, alkylalkoxysilanes such as methyltrimethoxysilane, dimethyldimethoxysilane, 
trimethylmethoxysilane, n-propyltrimethoxysilane, etc.; alkoxysilanes having a functional group such as alkylisopro- 
penoxysilane, e.g. dimethyldiisopropenoxysilane, methyltriisopropenoxysilane and y-grycidoxypropylmethyldiisopro- 
penoxysilane, y-glycidoxypropylmethyldimethoxysilane, Y-glycidoxypropyltrimethoxysilane, vinyltrimethoxysilane, vi- 
nyldimethylmethoxysilane, Y-aminopropyltrimethoxysilane, N-(p-aminoethyl)aminopropylmethyldimethoxysilane, y- 
mercaptopropyrtrimethoxysilane, Y-mercaptopropylmethyldimethoxysilane, etc.; silicone varnishes; and polysiloxanes, 
among others. By using such a physical state-modulating agent, the cured product available on cure of the composition 
of the invention can be so adjusted as to increase its hardness or conversely decrease its hardness and increase its 
elongation at break. The physical state- modulating agents mentioned above may be used each independently or in a 
combination of two or more species. 

[0075] Where necessary, the curable composition of the invention may be supplemented with a thixotropic agent 
(antisagging agent) for preventing sagging and contributing to workability. The antisagging agent is not particularly 
restricted but includes, inter alia, poly amide waxes; hydrogenated castor oil derivatives; and metal soaps such as 
calcium stearate, aluminum stearate, barium stearate, and so forth. These thixotropic agents (antisagging agents) can 
be used each independently or in a combination of two or more species. 

[0076] The composition of the invention may be supplemented with an epoxy resin and used as an elastic adhesive 
or the like. The epoxy resin mentioned just above includes but is not limited to epichlorohydrin-bisphenol A type epoxy 
resin, epichlorohydrin-bisphenol F type epoxy resin, tetrabromobisphenol Aglycidyl ether and other fire-retardant epoxy 
resins, novolak type epoxy resin, hydrogenated bisphenol A type epoxy resin, bisphenol A-propylene oxide adduct 
glycidyl ether type epoxy resin, p-hydroxybenzoic acid glycidyl ether ester epoxy resin, m-aminophenol epoxy resin, 
diaminodiphenylmethane epoxy resin, urethane-modified epoxy resin, various alicyclic epoxy resins, N, N-diglycidy- 
laniline, N,N-diglycidyl-o-toluidine, triglycidyl isocyanurate, polyalkylene glycol diglycidyl ethers, glycerin or other pol- 
yhydric alcohol glycidyl ethers, hydantoin epoxy resins, and unsaturated polymer epoxides such as petroleum resin. 
Thus, any of the common epoxy resins can be used. The epoxy resin having at least 2 epoxy groups within the molecule 
is preferred partly because it is highly reactive in curing and partly because it is more likely to give a three-dimensional 
network on curing. As further preferred examples, bishphenol A type epoxy resin and novolak type epoxy resin can be 
mentioned. The amount of use of such epoxy resin based on a combined total weight of the vinyl polymer having a 
reactive silicon containing group (a) and polyoxyalkylene polymer having a reactive silicon containing group (b) is ((a) 
+ (b)) /epoxy resin = 100/1 to 1/100 by weight. If the ((a) + (b))/epoxy resin ratio is less than 1/100, the improving effect 
on impact strength and toughness of the cured epoxy resin will hardly be obtained. If the ((a) + (b))/epoxy resin ratio 
exceeds 100/1 , the strength of the cured oxyalkylene polymer will be insufficient. The preferred ratio varies according 
to uses of the curable resin composition and other factors and cannot be stated in general terms but when, for example, 
it is desired to improve the impact resistance, flexibility, toughness, peel strength, etc. of the cured epoxy resin, it is 
recommendable to use 1 to 100 weight parts, preferably 5 to 100 weight parts of ((a) component + (b) component) 
relative to 1 00 weight parts of epoxy resin. On the other hand, when it is desired to improve the strength of cured ((a) 
component + (b) component), it is recommendable to use 1 to 200 weight parts, preferably 5 to 100 weight parts, of 
the epoxy resin relative to 100 weight parts of ((a) component + (b) component). 

[0077] Of course, a curing agent for curing the epoxy resin can be used in combination with the composition of the 
invention. The curing agent for epoxy resin that can be used is not particularly restricted but includes the common 
curing agents for epoxy resin. Specifically, there can be mentioned primary or secondary amines such as triethylene- 
tetramine, tetraethylenepentamine, diethylaminopropylamine, N-aminoethylpiperidine, m-xylylenediamine, m-phe- 
nylenediamine, diaminodiphenylmethane, diaminodiphenylsulfone, isophoronediamine, amine-terminated polyethers, 
etc.; tertiary amines such as 2,4,6-tris(dimethylaminomethyl)phenol, tripropylamine, etc.; salts of these tertiary amines; 
polyamide resins; imidazoles; dicyandiamides; boron trifluoride complex compounds, carboxylic acid anhydrides such 
as phthalic anhydride, hexahydrophthalic anhydride, tetrahydrophthalic anhydride, dodecinylsuccinic anhydride, py- 
romellitic anhydride, chlorenic anhydride, etc.; alcohols; phenols; carboxylic acids; aluminum or zirconium diketone 
complex compounds, and so forth. These curing agents may also be used each independently or in a combination of 
two or more species. 

[0078] When a curing agent for epoxy resin is used, its amount of use is 0. 1 to 300 weight parts based on 1 00 weight 
parts of the epoxy resin. 
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[0079] A ketimine can be used as the curing agent for epoxy resin. The ketimine remains stable in the absence of 
moisture but decomposes into a primary amine and a ketone by the presence of moisture and the primary amine thus 
produced functions as a room temperature-curable curing agent for epoxy resin. With a ketimine, a one-package type 
composition can be provided. The ketimine can be obtained by the condensation reaction between an amine compound 

5 and a carbonyl compound. 

[0080] For synthesizing ketimines, the known amine compounds and carbonyl compounds can be used. Thus, for 
example, the amine compound which can be used includes diamines such as ethylenediamine, propylenediamine, 
trimethylenediamine, tetramethylenediamine, 1 ,3-diaminobutane, 2,3-diaminobutane, pentamethylenediamine, 2,4-di- 
aminopentane, hexamethylenediamine, p-phenylenediamine, p,p'-biphenylenediamine, etc.; polyamines such as 

10 1 ,2,3-triaminopropane, triaminobenzene, tris(2-aminoethyl)amine, tetra(aminomethyl)methane, etc.; polyalkylenep- 
olyamines such as diethylenetriamine, triethylenetriamine, tetraethylenepentamine, etc.; polyoxyalkylene polyamines; 
and aminosilanes such as Y-aminopropyftriethoxysilane, N-(P-aminoethyl)-y-aminopropyltrimethoxysilane, N-(p-ami- 
noethyl)-Y-aminopropyImethyldimethoxysilane, etc.; among others. The carbonyl compound which can be used in- 
cludes aldehydes such as acetaldehyde, propionaldehyde, n-butyraldehyde, isobutyraldehyde, diethylacetaldehyde, 

15 glyoxal, benzaldehyde, etc. ; cyclic ketones such as cyclopentanone, trimethylcyclopentanone, cyclohexanone, trimeth- 
ylcyclohexanone, etc.; aliphatic ketones such as acetone, methyl ethyl ketone, methyl propyl ketone, methyl isopropyl 
ketone, methyl isobutyl ketone, diethyl ketone, dipropyl ketone, diisopropyl ketone, dibutyl ketone, diisobutyl ketone, 
etc.; and (5-dicarbony! compounds such as acetylacetone, methyl acetoacetate, ethyl acetoacetate, dimethyl malonate, 
diethyl malonate, methyl ethyl malonate, dibenzoylmethane, and so forth. 

20 [0081] In the case where an imino group is present in a ketimine, the imino group may be reacted with styrene oxide, 
a glycidyl ether such as butyl glycidyl ether, allyl glycidyl ether or the like, or a glycidyl ester. The ketimines mentioned 
above may be used each independently or in a combination of two or more species. The amount of use of the ketimine 
is 1 to 100 weight parts relative to 100 weight parts of the epoxy resin and varies with different species of epoxy resin 
and ketimine. 

25 [0082] Where necessary, the curable composition of the invention may be supplemented with various additives for 
modulating various physical properties of the curable composition or those of the cured product. Among such additives 
are fire retardants, curability modulators, modulus control agents such as compounds having one silanol group within 
the molecule, antioxidants, radical inhibitors, ultraviolet absorbers, metal inactivators, ozone aging inhibitors, light sta- 
bilizers, phosphorus type peroxide decomposers, lubricants, pigments, foaming agents, solvents, photocurable resins 

30 such as polyfunctional acrylic resins, oxygen-curable compounds, e.g. drying oils such as tung oil, linseed oil, etc., 
and antifungal agents, among others. Any of these additives may be used each independently or in a combination of 
two or more species. Specific examples of such additives are described in, inter alia, Japanese Kokoku Publication 
Hei-04-69659, Japanese Kokoku Publication Hei-07-1 08928, Japanese Kokai Publication Sho-63-254149, Japanese 
Kokai Publication Sho-64-22904, and Japanese Kokai Publication 2001-72854. 

35 [0083] The curable composition of the invention can be prepared in the form of a one-package system such that all 
the components are sealed into a single package and, after application, allowed to cure in situ in the presence of 
moisture in the air or in the form of a two-package system such that the curing catalyst, filler, plasticizer, water, etc. 
are formulated together in advance as a curing component and this formulated material is admixed with the polymer 
composition just before application. 

40 [0084] In case the curable composition is prepared as a one-package system, where all the components are formu- 
lated in advance, it is recommendable to dehydrate/dry the moisture-containing components before formulating or 
dehydrate them by, for example, pressure reduction during the blending operation. In case the curable composition is 
prepared as a two-package system, it is not necessary to formulate a curing catalyst into the main package containing 
the polymers having a reactive silicon containing group so that it is not likely that the presence of a minor amount of 

^5 moisture in the formulated components will cause gelation but if a long-term shelf-life is desired, a dehydration/drying 
procedure is preferably carried out. The preferred procedure of dehydration/drying is drying by heating in the case of 
solids such as powders or vacuum drying or dehydration over synthetic zeolite, active alumina, silica gel or the like in 
the case of liquids. An alternative dehydration method comprises formulating a small amount of an isocyanate com- 
pound so as to let the isocyanato group react with water. In addition to such dehydration/drying procedures, the addition 

50 of a lower alcohol, such as methanol or ethanol, or an alkoxysilane compound, such as n-propyltrimethoxysilane, 
vinyltrimethoxysilane^inylmethyldimethoxysilane^mercaptopropylmethyldimethoxysilane.y-mercaptopropylmethyl- 
diethoxysilane, Y-glycidoxypropyltrimethoxysilane or the like, results in a further increase in shelf-life. 
[0085] In using the curable composition of the invention, such additives as a lubricant, a pigment, a foaming agent, 
etc. may be further added each in a suitable amount, where necessary. 

55 [0086] The curable composition of the invention is particularly useful as an elastic sealant which finds application in 
the field of buildings, ships, road vehicles, roads and the like. It is especially of use as a sealant for joints of siding 
boards of which weather resistance and workability are required. Furthermore, with or without the aid of a primer, the 
composition is capable of adhering intimately to a broad variety of adherends inclusive of glass, ceramics, wood, metals 
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and shaped resin articles so that it can be used in various forms of sealing compositions and adhesive compositions 
as well. As to adhesives, it can be provided not only as an ordinary adhesive but also as a contact adhesive. The 
composition is further useful as a food packaging material, a casting rubber material, a template material or a coating 
material. 

5 [0087] Particularly a curable composition comprising a alkyl acryiate and/or alkyl methacrylate polymer having a 
reactive silicon containing group in the form of a random copolymer, a polyoxypropylene polymer having a substantially 
straight-chain molecular chain and a reactive silicon containing group, whose number average molecular weight is 
16,000 to 25,000, and a plasticizer which is an alkyl acryiate polymer having a molecular weight lower than said alkyl 
acryiate and/or alkyl methacrylate polymer having a reactive silicon containing group is quite suitable for use as a 

10 sealing material for ceramic siding boards. Thus, the cured product from this composition exhibits an excellent weather 
resistance as a sealing material for ceramic siding boards and, compared with the cured composition using the con- 
ventional plasticizer, has a large elongation at break. In addition, despite the fact that this curable composition comprises 
a random-copolymerized (meth)acrylate polymer having a high viscosity as the vinyl polymer having a reactive silicon 
containing group and that it comprises a high viscosity straight-chain polyoxypropylene polymer having a high molecular 

15 weight of not less than 16, 000 as the polyoxyalkylene polymer having a reactive silicon containing group, the compo- 
sition has a viscosity within the range suitable for sealing material use and has a curing speed not much different from 
the speed of the composition containing a polyoxypropylene polymer of low molecular weight. The lower limit to the 
number average molecular weight of said polyoxypropylene polymer having a reactive silicon containing group in this 
composition is preferably 17, 000, more preferably 18,000, particularly preferably 19,000 and the upper limit is prefer- 

20 ably 23,000, particularly preferably 22,000. The most preferred range is 19,000 to 22,000 but combinations of other 
lower and upper limits are also preferred. 

[0088] In the above composition, said alkyl acryiate polymer of low molecular weight for use as the plasticizer is 
preferably the polymer synthesized by the so-called SGO process obtained by high-temperature, high-pressure con- 
tinuous bulk polymerization of acryiate monomers. 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0089] The following examples illustrate the present invention in further detail without defining the scope of the in- 
vention. 

30 

Example of Synthesis - 1 

[0090] To a solution of the following monomer mixture in toluene heated to 105°C was added a solution of the po- 
lymerization initiator 2,2'-azobis(2-methylbutyronitrile) dropwise over 5 hours. Thereafter, a "post polymerization" was 
35 carried out for 1 hour to give a vinyl copolymer. 

[0091] Methyl methacrylate 14.5 wt. parts, butyl acryiate 68.5 wt. parts, stearyl methacrylate 1 5 wt. parts, 7-methacry- 
loxypropylmethyldimethoxysilane 2 wt. parts, 2,2 , -azobis(2-methylbutyronitrile) 0.5 wt. part. 

Example of Synthesis - 2 

40 

[0092] A pressure-resisting glass reactor equipped with a stirrer was charged with 500 g of an allyl-terminated 
straight-chain polypropylene oxide) having a number average molecular weight of 9,400 and 10 g of hexane and 
azeotropic dehydration was carried out at 90°C. The hexane was then distilled off under reduced pressure, and after 
nitrogen purging, 40 uJ of vinyl-platinum catalyst (5 wt. % as platinum in isopropyl alcohol) was added and, under 
45 stirring, 9.8 g of DMS (dimethoxymethylsilane) was gently added dropwise. This mixture was reacted at 90°C for 2 
hours, after which the unreacted DMS was distilled off under reduced pressure to recover a silylated polymer. This 
polymer was blended with the copolymer prepared in Example of Synthesis - 1 in a solids weight ratio of 70/30 and 
the solvent was then distilled off to give a solvent-free polymer (A). 

50 Example of Synthesis - 3 

[0093] A pressure-resisting glass reactor equipped with a stirrer was charged with 500 g of an allyl-terminated 
branched-chain polypropylene oxide) having a number average molecular weight of 17, 000 and comprising a main 
chain skeleton obtained by using a double metal cyanide complex catalyst and 10 g of hexane and azeotropic dehy- 
55 dration was carried out at 90°C. The hexane was then distilled off under reduced pressure, and after nitrogen purging, 
40 M.I of a chloroplatinic acid catalyst (5 wt. % as platinum in isopropyl alcohol) was added and, under stirring, 5.8 g of 
DMS (dimethoxymethylsilane) was gently added dropwise. This mixture was reacted at 90°C for 2 hours, after which 
the unreacted DMS was distilled off under reduced pressure to recover a silylated polymer. This polymer was blended 
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with the copolymer prepared in Example of Synthesis - 1 in a solids weight ratio of 70/30 and the solvent was then 
distilled off to give a solvent-free polymer (B). 

Example of Synthesis - 4 

5 

[0094] A pressure-resisting glass reactor equipped with a stirrer was charged with 500 g of an allyl-terminated 
straight-chain polypropylene oxide) having a number average molecular weight of 20, 000 and comprising a main 
chain skeleton obtained by using a double metal cyanide complex catalyst and 10 g of hexane and azeotropic dehy- 
dration was carried out at 90°C. The hexane was then distilled off under reduced pressure, and after nitrogen purging, 

10 20 \i\ of a chloroplatinic acid catalyst (5 wt. % as platinum in isopropyl alcohol) was added and, under stirring, 4.6 g of 
DMS (dimethoxymethylsilane) was gently added dropwise. This mixture was reacted at 90°C for 2 hours, after which 
the unreacted DMS was distilled off under reduced pressure to recover a silylated polymer. This polymer was blended 
with the copolymer prepared in Example of Synthesis - 1 in a solids weight ratio of 70/30 and the solvent was then 
distilled off to give a solvent-free polymer (C). 

15 [0095] The viscosity of the polymer corresponding to the blending ratio of 75/25 was 49.8 Pa-s; that of the polymer 
corresponding to the blending ratio of 70/30 was 60. 7 Pa s, and that of the polymer corresponding to the blending 
ratio of 65/35 was 86.2 Pa*s (all as measured with a type BM viscometer using a No. 4 rotor, 23°C). 

Example of Synthesis -5 

20 

[0096] A pressure-resisting glass reactor equipped with a stirrer was charged with 500 g of an allyl-terminated 
straight-chain polypropylene oxide) having a number average molecular weight of 8,000 and 10 g of hexane and 
azeotropic dehydration was carried out at 90°C. The hexane was then distilled off under reduced pressure, and after 
nitrogen purging, 40 \i\ of vinyl-platinum catalyst (5 wt. % as platinum in isopropyl alcohol) was added and, under 
25 stirring, 7.6 g of DMS (dimethoxymethylsilane) was gently added dropwise. This mixture was reacted at 90°C for 2 
hours, after which the unreacted DMS was distilled off under reduced pressure to recover a silylated polymer (D). 

Example of Synth esis-6 

30 <Synthesis of an acrylic plasticizer> 

[0097] A 2 L-separable flask equipped with reflux condenser and stirrer was charged with CuBr (22.4 g, 0.1 56 mol), 
followed by nitrogen purging. Acetonitrile (112 mL) was then added and the mixture was stirred on an oil bath at 70°C 
for 30 minutes. Then, butyl acryiate (0.20 kg), methyl 2-bromopropionate (86.9 g, 0.520 mol), and pentamethyldieth- 

35 ylenetriamine (0.19 mL, 0.18 g, 1.04 mmol) (hereinafter abbreviated as triamine) were added and the reaction was 
started. Under stirring and heating at 70°C, butyl acryiate (0.80 kg) was continuously added dropwise over 1 50 minutes. 
Triamine (1.81 mL, 1.71 g, 9.88 mmol) was further added during the dropwise addition of butyl acryiate. Then, the 
mixture was stirred under heating at 70°C for 230 minutes. This reaction mixture was diluted with toluene and passed 
through an activated alumina column and the volatile fraction was distilled off under reduced pressure to give a polymer 

40 (PBA). This polymer had a number average molecular weight of 2,600 and a molecular weight distribution of 1 .1 8. 

Example 1 

<Main component 

45 

[0098] To 100 weight parts of the polymer (A) prepared in Example of Synthesis - 2, 96 wt. parts of the acrylic 
plasticizer prepared in Example of Synthesis - 6, 160 wt. parts of calcium carbonate colloid (product of Maruo Calcium 
Co.: trade name; Calfine 200M) , 50 wt. parts of heavy calcium carbonate (product of Maruo Calcium Co.: trade name; 
Super S), 3 wt. parts of antisagging agent (product of Kusumoto Chemicals, Ltd.: trade name; Disparlon 305), 3 wt. 
so parts of surface modifier (product of Toagosei Co., Ltd.: trade name; Aronix M309), 1 wt. part of hindered amine type 
light stabilizer (product of Sankyo Co., Ltd.: trade name; Sanol LS770), benzotriazole series UV absorber (product of 
Ciba Specialty Chemicals Ltd. : trade name; Tmuvin 327) were added and the whole mixture was kneaded and passed 
through a 3-roll mill to give 414 wt. parts of a main component. 

55 <Curing component 

[0099] First, 21 wt. parts of heavy calcium carbonate (product of Maruo Calcium Co. : trade name; Super S) , 2 wt. 
parts of kaolin (product of Tsuchiya Kaolin Co.: trade name; ASP170), and 16 wt. parts of a poly (propylene glycol) with 
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a number average molecular weight of 3,000 (product of Takeda Chemical Industries, Ltd.: trade name; Actcall P-23) 
were blended and dried in advance. Then, 0.1 8 wt. part of vinyltrimethoxysilane, 1 wt part of an aminosilane compound 
(product of Nippon Unicar Co., Ltd. : trade name; A-1 1 20), 3 wt. parts of stannous octanoate, 0.75 wt. part of laurylamine, 
and 1 wt. part of tetravalent tin (product of Sankyo Organic Chemicals. Co. : trade name; No. 91 8) were blended and 
sufficiently kneaded, passed through a small 3-roll paint mill 3 times, and dehydrated under reduced pressure at 50°C 
for about 5 minutes to give 44.93 wt. parts of a curing component. This curing component was hermetically packaged 
in a moisture-proof container. 

[01 00] The above main component and curing component were kneaded together and processed to give a 250 ^rn- 
thick cured sheet sample. 

Example 2 

[0101] Using 100 wt. parts of the polymer (B) prepared in Example of Synthesis - 3 instead of the polymer (A) for- 
mulated in the main component, the procedure of Example 1 was otherwise repeated to give a main component. This 
main component and the curing component described in Example 1 were kneaded together to prepare a 250 pm-thick 
cured sheet sample. 

Example 3 

[0102] Using 100 wt. parts of the polymer (C) prepared in Example of Synthesis - 4 instead of the polymer (A) for- 
mulated in the main component, the procedure of Example 1 was otherwise repeated to give a main component. This 
main component and the curing component described in Example 1 were kneaded together to prepare a 250 um-thick 
cured sheet sample. 

Example 4 

[0103] The polymer (C) 1 00 wt. parts prepared in Example of Synthesis - 4, 55 wt. parts of the plasticizer having an 
acrylic component (Toagosei Co., Ltd.: UP-1020: a low molecular weight acrylic polymer with a viscosity 400 mPa-s/ 
25°C, a weight average molecular weight of 1 ,500, and a glass transition temperature -66°C/DSC), 120 wt. parts of 
calcium carbonate colloid (product of Shiraishi Kogyo: trade name; CCR), 20 wt. parts of titanium dioxide (product of 
Ishihara Sangyo: trade name; R820), 2 wt. parts of an antisagging agent (product of Kusumoto Chemicals, Ltd.: trade 
name; Disparlon 6500), 1 wt. part of a benzotriazole series UV absorber (product of Ciba Specialty Chemicals Ltd.: 
trade name; Tlnuvin 327), 1 wt. part of a hindered amine type light stabilizer (product of Sankyo Co., Ltd. : Sanol LS770), 
and 0.45 wt. part of carbon black (product of Asahi Carbon Co., Ltd.: trade name; #55) were weighed, blended, suffi- 
ciently kneaded, and passed through a compact 3-roll mill for a total of 3 times. Thereafter, 2 wt. parts of vinyltrimeth- 
oxysilane, 3 wt. parts of an aminosilane compound (product of Nippon Unicar Co., Ltd.: trade name; A-1 120), and 2 
wt. parts of tetravalent tin (product of Nitto Kasei Co., Ltd.: trade name; U-220) were added and the whole was thor- 
oughly blended to prepare a curable composition. Using this composition, a 250 jim-thick cured sheet sample was 
prepared. 

Comparative Example 1 

[0104] Using 96 wt. parts of diisodecyl phthalate (hereinafter abbreviated as DIDP; product of Kyowa Hakko Kogyo 
Co., Ltd.: trade name; DIDP) instead of the acrylic plasticizer formulated in the main component, the procedure of 
Example 1 was otherwise repeated to give a main component. This main component and the curing component de- 
scribed in Example 1 were kneaded together to prepare a 250 um-thick cured sheet sample. 

Comparative Example 2 

[0105] Using 96 wt. parts of polypropylene glycol with a number average molecular weight of 3,000 (hereinafter 
abbreviated as PPG 3000; product of Takeda Chemical Industries, Ltd.: trade name; Actcall P-23) instead of the acrylic 
plasticizer formulated in the main component, the procedure of Example 1 was otherwise repeated to give a main 
component. This main component and the curing component described in Example 1 were kneaded together to prepare 
a 250 um-thick cured sheet sample. 

Comparative Example 3 

[0106] Using 96 wt. parts of diisodecyl phthalate (product of Kyowa Hakko Kogyo Co., Ltd.: trade name; DIDP) 
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instead of the acrylic plasticizer formulated in the main component, the procedure of Example 2 was otherwise repeated 
to give a main component. This main component and the curing component described in Example 1 were kneaded 
together to prepare a 250 um-thick cured sheet sample. 

5 Comparative Example 4 

[01 07] Using 96 wt. parts of polypropylene glycol with a number average mo lecular weight of 3,000 (product of Takeda 
Chemical Industries, Ltd.: trade name; Actcall P-23) instead of the acrylic plasticizer formulated in the main component, 
the procedure of Example 2 was otherwise repeated to give a main component. This main component and the curing 
10 component described in Example 1 were kneaded together to prepare a 250 um-thick cured sheet sample. 

Comparative Example 5 

[0108] Using 96 wt. parts of diisodecyl phthalate (product of Kyowa Hakko Kogyo Co., Ltd.: trade name; DIDP) 
15 instead of the acrylic plasticizer formulated in the main component, the procedure of Example 3 was otherwise repeated 
to give a main component. This main component and the curing component described in Example 1 were kneaded 
together to prepare a 250 um-thick cured sheet sample. 

Comparative Example 6 

20 

[0109] Using 96 wt. parts of polypropylene glycol with a number average molecular weight of 3,000 (product of Takeda 
Chemical Industries, Ltd.: trade name; Actcall P-23) instead of the acrylic plasticizer formulated in the main component, 
the procedure of Example 3 was otherwise repeated to give a main component. This main component and the curing 
component described in Example 1 were kneaded together to prepare a 250 um-thick cured sheet sample. 

25 

Comparative Example 7 

[01 10] Using 1 00 wt. parts of polymer (D) instead of the polymer (A) formulated in the main component, the procedure 
of Example 1 was otherwise repeated to give a main component. This main component and the curing component 
30 described in Example 1 were kneaded together to prepare a 250 um-thick cured sheet sample. 

Comparative Example 8 

[0111] Using 96 wt. parts of diisodecyl phthalate (product of Kyowa Hakko Kogyo Co., Ltd.: trade name; DIDP) 
35 instead of the acrylic plasticizer formulated in the main component, the procedure of Comparative Example 7 was 
otherwise repeated to give a main component. This main component and the curing component described in Example 
1 were kneaded together to prepare a 250 um-thick cured sheet sample. 

Comparative Example 9 

40 

[01 1 2] Using 96 wt. parts of polypropylene glycol with a number average molecular weight of 3,000 (product of Takeda 
Chemical Industries, Ltd.: trade name; Actcall P-23) instead of the acrylic plasticizer formulated in the main component, 
the procedure of Comparative Example 7 was otherwise repeated to give a main component. This main component 
and the curing component described in Example 1 were kneaded together to prepare a 250 um-thick cured sheet 
« sample. 

[0113] Using the weather resistance test samples prepared in Examples 1 to 4 and Comparative Examples 1 to 9, 
an accelerated weathering test using a sunshine weatherometer was preformed to monitor the time course of aging 
of each sample. The results are presented in Table 1 . 

50 



55 



19 



a s S s 



Table 1 



Sample 


Polymer 


Plasticizer 


Ohr 


60hr 


180hr 


280hr 


340hr 


400hr 


460hr 


520hr 


580hr 


Example 1 


A 


PBA 


0 


O 


O 


O 


O 


O 


O 


O 


O 


Example 2 


B 


PBA 


o 


O 


o 


O 


O 


o 


o 


O 


O 


Example 3 


C 


PBA 


o 


O 


o 


O 


O 


o 


o 


0 


0 


Example 4 


C 


UP-1020 


o 


0 


o 


O 


0 


o 


o 


0 


0 


Com par. Exam.1 


A 


DIDP 


0 


O 


o 


O 


O 


A 


A 


A 


A 


Compar. Exam. 2 


A 


PPG3000 


o 


O 


o 


O 


O 


A 


A 


X 


X 


Com par. Exam.3 


B 


DIDP 


o 


O 


o 


o 


A 


X 


X 


X 


X 


Compar. Exam. 4 


B 


PPG3000 


0 


o 


0 


o 


0 


O 


o 


o 


O 


Compar. Exam. 5 


C 


DIDP 


o 


o 


0 


o 


o 


A 


A 


A 


X 


Compar. Exam. 6 


C 


PPG3000 


0 


o 


o 


o 


o 


A 


X 


X 


X 


Compar. Exam. 7 


D 


PBA 


o 


o 


0 


A 


X 


X 


X 


X 


X 


Compar. Exam. 8 


D 


DIDP 


o 


0 


o 


X 


X 


X 


X 


X 


X 


Compar. Exam. 9 


D 


PPG3000 


0 


0 


A 


X 


X 


X 


X 


X 


X 


O: No change, A: Aging (cracks) occurs but is not so severe, x :Severe ag 


ng 



Sample 


Polymer 


Plasticizer 


640hr 


700hr 


760hr 


1000hr 


1300hr 


1540hr 


"leOOhr 


1660hr 


1720hr 


2000hr 


Example 1 


A 


PBA 


O 


O 


O 


O 


O 


O 


A 


A 


A 


A 


Example 2 


B 


PBA 


O 


O 


O 


o 


O 


o 


O 


O 


A 


A 


Example 3 


C 


PBA 


o 


O 


o 


o 


O 


o 


O 


A 


A 


A 


Example 4 


C 


UP-1020 | O 


O 


o 


o 


o 


0 


O 


o 


o 


o 


Compar. Exam.1 


A 


DIDP 


A 


A 


A 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam. 2 


A 


PPG3000 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam. 3 


B 


DIDP 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam.4 


B 


PPG3000 


A 


A 


X 


X 


X 


X 


X 


X 


X 


x ! 


Compar. Exam. 5 


C 


DIDP 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam. 6 


C 


PPG3000 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam.7 


D 


PBA 


X 


X 


X 


X 


X 


X 


X 


X 


X 


x I 


Compar. Exam. 8 


D 


DIDP 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Compar. Exam. 9 


D 


PPG3000 | X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


O No change, A: Aging (cracks) occurs but is no 


so severe, x : Severe aging 
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(0114J R wil be apparent from Table 1 that the cured products according to Examples 1 to 4 are by tar superior to 
the cured products according to Comparative Examples 1 to 9 in weather r e s istan ce. 

Examptes5to9 

5 

[0115] Except that, as the ptastuizer to be formulated in the main component, the acrySc ptastibzer PBA obtained 
in Example of Synthesis - 6 and OtOP were used in a combined total of 96 wt. parts and in a PBA/DIOP weight ratio 
of 80/20, 70/30. SO/SO. 30/70. or 10/90, the procedure ol Example 1 was repeated to give a series of main components. 
Each of these main components and the curing component described in Example f were kneaded together to prepare 
'0 a 250 pro-thick cured sheet sample. Using these weather resistance test samples according to Examples 5 to 9. an 
accelerated weathering test using a sunshine weatheromstsr to monitor the time course of aging was performed of 
each sample. The results are presented, alongside the results of Example 1 and Comparative Example t . in Table 2. 
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<3 
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ySBDDDBD 
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<I 
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X 
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< 
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<3 


<3 
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o 


O 


<J 


X 


X 




X 



BEEEBBDB 
□BSBEEEB 
BESEEEED 
BBSSEEBB 
BEBEEEEE 
BEEEEEBE 
OEBEEBEE 
BEEEEEBE 
BEEBBEEE 
BEEBEEBE 
BEBBBBBB 
BEBEBEEB 
BBSEBBBB 
BEBBBBBB 
BEBBBBBB 
DEEBBBBB 



! 




[0116] 0 wiD be apparent tram Table 2 that increasing the proportion of the acrylic ptasticizer to 70 weight % or rr 
of the total ptasticizer results in marked improvements in weather resistance. 
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Example 10 

[0117] A pbstkazei having an acryic component (product of Toagosai Co.. Ltd.: trade name; UP- 1020). 1 20 wL parts 
of calcium carbonate (product of Sniraishl Kogyo: trade name: CCR) . 20 wt parts of titanium dioxide (product of 

s tshthara Sangyo: trade name; fl-820), 2 wt. parts of a thtxotropic aoem (product of Kusumoto Chemicals Ltd.: trade 
name; D-6500). t wt. part of a benzotriazoie series UV absorber (product of Ciba Spectatty Chemicals Ltd.: trade name; 
Tmuvin 327). and 1 wt. part of a hindered amine series Sght stabifzer (product of Sankyo Co.. Ltd.: trade name: Sanof 
LS770) were weighed and btended with the pofymer 1 00 wt. parts prepared in Example of Synthesis-4 and the whole 
mbtture was thoroughfy kneaded and passed through a compact 3-roO paint mill for a total of 3 times. Thereafter, 2 wt 

>0 parts of vinynrirnethoxysitane. 3 wt. parts of an aminosilane compound (product of Nippon Unicar Co.. Ltd.: trade name; 
A- 11 20). and 2 wt parts of a cure accelerator (product of Nitto Kasei Co.. Ltd. : trade name; O-220) were added and 
Kneaded to prepare a 3 mm- thick cured shoot sample defined by J IS A5758 which was further processed into a dumbbell 
testpiece for tensile testing |J1S A type). 

is Example 11 

(01 18} Except that a straight-chain pory( propylene oxide) having a number average molecular weight of 10.000 and 
comprising a main chain skeleton obtained by using a double metal cyanide complex catalyst as the polyoxyalkytene 
polymer having a reactive silicon containing group (b) instead of the pofymer prepared in Example 01 Synthesis - 4, 
» the procedure of Example 1 0 was otherwise repeated to give a pofymer (E) and a curable composition. Then, a dumbbell 
testpiece tor tensile testing (J IS A type) was prepared. The molecular weight of the altyl-terminaled poly {propylene 
oxide) used as the constituent material of the above component (b) was approximately equal lo the motecutar weigh! 
of the reactive silicon containing group-terminated poW propylene oxide). 

101 1 9] Using the dumbbell lestpieces for tensile testing as prepared in Example 1 0 and Example 1 1 . respectively, a 
» tensile test was performed using an autograph (product of Shimadzu Corporation, model AGSOOC) to measure the 
elongation at break (Eb). The surface hardening time and residual tack of each formulation were also determined. The 
results are shown in Table 3. 



Table 3 





Example 10 


Example 11 


Number average molecular weight 


20.000 


10.000 


Surface hardening time 


min. 


48 


42 


Residual tack 


After 3 days 


O<o) 


o~@ 


After 7 days 


o~® 


o~@ 


DumbbeQ tensile test 


Eb | % 


710 


350 


Residual tack cnteria: 
©: Substantially no tack Ot Sight tack 



[01 20] ft win be apparent Irom Table 3 that a gain in number average molecular weight is accompanied by an im- 
provement in elongation at break, while the curateBty remains almost unchanged. 

43 Comparative Example 10 

[0121] Using DtOP (dnsodocyl phthatate) instead ot the plasucizor having an acrylic component UP- 1020. the pro- 
cedure of Example 10 was otherwise repeated to give a dumbbell testpiece lor tensile testing (J1S A type). 

so Comparative Example 11 

[0122] Using PPG with a number avorago motecutar weight of 3. 000 instead of the pfastidior having an acrySc 
component UP -1020, the procedure of Example 10 was otherwise repea te d to give a dumbbell testpiece for tensile 
testing (JIS A type). 

55 pi 23] Using the dumbbell lestpieces tor tonsils testing as prepared in Example 1 0 and Comparative Examples 1 0 
and 11. a tensile test was performed using an autograph (product of Shimadzu Corporation, model AGSOOC) to measure 
the elongation at break. The results are shown in Table 4. 



24 



otsf AVAILABLE COPY 



EP 1 391 484 A1 



Table 4 



Sample 


Pc(ymer 


Ptastrizcr 


MtOO(MPa) 


Tb(MPa) 


E&(*) 


Example TO 


C 


UP- 1020 


0.32 


1.91 


710 


Ccmpai. Exam. 10 


c 


DIDP 


0.32 


1.77 


640 


Compar. Exam. 11 


c 


PPG 


032 


1.74 


690 



jq (0124) it wifl be apparent front Table 4 thai the cured product obtained from the cxirnposrbon of the invention has an 
Improved elongation at break as compared with the cured products obtained from the Eke compositions containing the 
conventional ptasfiazers. 

(0125) As an SGO polymer which is a kind of ptastirizer having an aery 6c component Johnson Polymer Corporation's 
JDX-P1 000 is known. JDX-P1000 is a tow molecular acryfic polymer with a viscosity of 1 ,000 mPa-s/25*C, a weight 
, 5 average molecular weight of 3.000. and a glass transition temperature of -60"C/DSC. In Examples 1 to n. JDX-Pi 000 
can be used instead of the ptasbcizer PBA or UP- 1020. 

[0126] Further, an SGO polymer having about one reactive sifcon containing group per molecule can be synthesized 
by reacting J PCs JDX-H2030, which is an SGO polymer having a hydroryl group (viscosity 3.000 mPa-s/2S"C, weight 
average molecular weight 2.000. glass transition temperature -63*C/DSC. and hydroxy! value 1 20 mg-KOH/g), with r 
jo isocyanatocoopykSnwtricxymethyteilan^ (OCNCHjCHjCHj&fCHJ (OCHj) 2 ). In Examples 1 to 1 1 . this SGO polymer 
having a naactrve siBcon containing group can be used as a ptasticizer substituting for part or the whole of Ihe pkasiicizer 
PBA or UP- 1020. 

[01271 To the main components of the compositions according to Examples 1 to 3 and 5 to 9. stearytamine. which 
is a primary amine having a melting point of not lower than 35*C (Farmin 80, product ol Kao Corporation), can be 

25 added in a proportion of 3 wt. parts per 100 wt parts of the solvent-free polymer (A), (B), or (C) and ceramic balloons 
{E- SPHERES SL350, mean particle dia. 250 \xm. product of Taiheiyo Cement) can also be added in a proportion of 20 
vol % of the whole main component. In this case, the surface of the cured product is provided with a pebbled texture 
without brilliance. When polyacryionitrile balloons surface-treated with calcium carbonate (trade name MFL-80CA, 
mean particle dia. 100 \im, specific gravity 0.13; product of Matsumoto Vushi-Seryaku Co. , Ltd.) are used Instead of 

30 ceramic balloons, the cured product presents with a coarse surface texture without brilliance. 

[0128] In the compositions according to Examples 4 and 1 0 to 11 . ceramic balloons (E-SPHERES SL350. mean 
particle dia. 250 urn. product of Taiheiyo Cement) and polyacryionitrile balloons surface-treated with calcium carbonate 
(trade name MFL-BOCA, mean particle dia. 100 urn. specific gravity 0.13; product of Matsumoto Yushi-Seiyaku Co . 
Ltd.) may be added in a proportion of 20 vol. % ol the whole composition. The resulting cured product presents with a 

55 pebbled or coarse texture. 

[0129] tn the compositions according to Examples 4 and 10 to 11, 14-mesh (ca. 1.8 mm and less) round flakes ol 
synthetic resin (about 0.3 mm Ihk*) can be lor mutated as the scaly material in a proportion of about 20 wt. parts based 
on 1 00 wt. parts of the whole composition By rubbing the joint fiBed with the resulting sealing material in several strokes 
in the same direction, a product presenting with a relief pattern of the scaly materials can be obtained. 

40 [0130] tn the above Examples and Comparative Examples, the polymer prepared in Example of Synthesis • i can 
be replaced with the butyl acrytate polymer described in Production Example 1 in Japanese Kokai PuM cation 
2000-178456, namely a polymer having a GPC number average molecular weight (polystyrene equivalent) of 15.000 
and a molecular weight distribution (Mw/Mn) of 1.4 and containing 2.0 sih/1 groups per molecule on average, can be 
used. Thus, in Examples of Synthesis 2 to 4. the polymer according to Production Example 1 in Japanese Kokai 

45 Publication 2000-178456 is used instead ol the copolymer obtained in Example of Synthesis - 1 and the polymers 
obtained in the same manner as Examples of Synthesis - 2 to 4 are designated as polymer (A2), polymer (B2), and 
polymer (C2). respectively. Furthermore, referring to Example 1 1, the polymer obtained by using the polymer according 
to Production Example 1 in Japanese Kokai Pubfcation 2000- 1 78456 instead of the polymer according to Example ol 
Synthesis - 1 as the vinyl polymer component having a reactive silicon containing group (a) of polymer (E) is now 

so designated as polymer (E2). In Examples 1 to it and Comparative Examples 1 to 11, the polymer (A), polymer (B). 
polymer (C) and polymer (E) may be replaced with the polymer (A2). polymer (B2), polymer (C2) and polymer (E2). 
Furthermore, in Examples 1 to 3 and 5 to 9, the polymer (A), polymer (B). and polymer (C) may be replaced with the 
polymer (A2), polymer (B2) and polymer (C2), respectively, in the preparation of main components of the composition 
and. to these main components, a stearylamine (Farmin 60. product ol Kao Corporation), which is a primary amine 

55 having a melting point not lower than 35*C. may be added in a proportion of 3 weight parts per 100 weight parts ol 
said polymer (A2). (B2) or (C2) and. further, ceramic balloons (E-SPHERES SL350, mean particle diameter 250 urn; 
product of Taiheiyo Cement) may also be added in a proportion of 20 vol % based on the whole main component The 
resulting cured products invariably present with a pebbled surface texture without brilliance. When potyacrytonrtrile 
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bafloons surface- treated with caJciuro carbonate (trade name MFL-60CA, mean parte to eta meter 1 00 fitn. specific 
gravity 0,13; product of Matsumoto Yusru-Seryaku Co., Ud.) are used instead of ceramic bafloons. the cured product 
presents with a coarse surface texture without briaance. Furthermore, in Examples t to It, the polymer (A), polymer 
(B). polymer (C) and polymer (E) may be replaced with polymer (A2), polymer (B2), polymer (C2) and polymer (E2). 
* respectively, and the ptasOazer PBA or UP- 1020 may be replaced with JDX-P10OO. 

INDUSTRIAL APPUCABIUTY 

[01 31 J The cured product available from the Curable composition of the invention has a quite laudable weather ra- 
re sistance. 



1. AC 

which comprises a vinyf polymer having a reactive silicon containing group (a), a pofyoxyalkyrene polymer 
having a reactive sJBcon containing group (b) , and a pfastidzer having an acryfc component (c). 

2. The curable composition according to Claim 1 , 

wherein the vinyl polymer having a reactive silicon containing group (a) is a (meth)acryfic polymer. 

3. The curable composition according to Claim 1 or 2, 

wherein the poiyoxyaDcytene polymer (b) is at least one member selected from the group consisting of poly 
{ethylene oxide), poty(propytene oxide), polypropylene oxide- ethylene oxide copolymer, and polylbutytene oxide). 

4. The curable composition according to any one of Claims 1 to 3. 

wherein the main chain skeleton of the polyoxyalkylene polymer (b) is a polymer synthesized by using a 
double metal cyanide complex catalyst 

5. The curable composition according to any one of Claims 1 to 4. 

wherein the number average molecular weight of the polyoxyalkylene polymer (b) is 500 to 50,000. 

6. The curable composition according to Claim 5. 

wherein the number average molecular weight of the polyoxyalkylene polymer (b) is t .000 to 30,000. 

7. The curable composition according to any one of Claims 1 to 4, 

wherein the number average molecular weight of the pofyoxyalkylene polymer (b) is not less than 12,000. 

8. The curable composition according to Claim 7, 

wherein the number average molecular weight of polyoxyalkytene polymer (b) is not less than 15,000. 

0. The curable composition according to Claim 8, 

wherein the number average molecular weight of pofyoxyalkylene polymer (b) Is not less than 16,000. 

10. The curable composition according to any one of Claims 3 to 9. 

wherein the pofyoxyalkylene polymer (b) is a potyoxypropylone polymer. 

11. The curable composition according to Claim 10, 

wherein the main chain skeleton of the polyoxyalkylene polymer (b) Is a substantially straight-chain polymer. 

12. The curablo composition according to any one of Claims 1 to 11, 

wherein the reactive silicon containing group of the polyoxyalkylene polymer (b) is a group comprising one 
si Icon atom and two hydroryzable groups attached thereto. 

1 3. The curable composition according to Claim 1 2, 

wherein the reactive silicon containing group of the polyoxyalkytene polymer (b) is d 
group. 
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14. The curabte composition aaxrting to any one of Claims 1 to 13. 

wherein th6 number average molecular weight oJ the vinyl polymer having a reactive si Boon containing group 
(a) is 5, 000 to 30,000. 

i 15. The curable composition according to any one of Claims 1 to 14, 

wherein the weight ratio ol the vinyl polymer having a reactive siicon containing group (a) to the polyoxy- 
aJHytone potymer having a reactive sificon containing group (b) a 25/75 to 45/55. 

1 6. The curable composition according to any one ot Claims 1 to 1 5. 

10 wherein the number average molecular weight ol the ptastictzef having an acryfic component (c) is 500 to 

15.000. 

17. The curable composition according to Claim 18. 

wherein the number average molecular weight of the ptastjrizer having an acryfic component (c) is 1. 000 
»s to B.000. 

18. The curabte composition according to any one ol Claims 1 to 17. 

wherein the amount o1 use ol the plastfcizer having an acryic component (c) is 5 to 1 50 weight parts relative 
to a combined total ol 100 weigh] parts of the vinyl polymer having a reactive siicon containing group (a) and 
?Q poryoxya&ytene potymer having a reactive siicon containng group (b). 

19. The curabte composition according to Claim 16, 

wherein the amount of use ol the ptastidzer having an acryic component (c)is lOto 120 weight parts relative 
to a combined total of 100 weight parts of the vinyl potymer having a reactive siicon containing group (a) and 
~ potyoxyaJkylene polymer having a reactive siicon containing group (b). 

20. The curable composition according to Claim 1 9, 

wherein the amount of use of the ptastidzer having an acryic component (c) is 20 to 100 weight parts relative 
to a combined total of 100 weight parts of the vinyl polymer having a reactive siicon containing group (a) and 
30 pofyoxyalXylene polymer having a reactive siicon containing group (b). 

21. The curable composition according to any one of Claims 1 to 20, 

which further comprises another ptastidzer in addition to the ptastidzer having an acryic component (c). 

22. The curable composition according to Claim 21, 

wherein the weight ratio ol the ptastidzer having an acrylic component (c) to said other ptastidzer is not less 
than 70/30. 

23. The curable composition according to any one of Claims 1 to 22. 
*o which is lor use as a siding board joint sealant 

24. The curable composition according to Claim 23, 

wherein the siding board is a ceramic siding board. 

*3 25. The curable composition according to any one of Claims 1 to 24, 

which further comprises a scaly or particulate substance not smaller than 0.1 mm in diameter. 

26. The curable composition according to any one of Claims 1 to 24, 

which further comprises a balloon. 

so 

27. The curable composition according to Claim 26. 

wherein the diameter of the balloon is not less than 0. 1 mm. 
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